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STUDIES IN THE YIELD OF TEA 


Pr. III. FIELD EXPERIMENTS WITH POTASH AND NITROGEN 
IN RELATION TO THE PRUNING CYCLE! 


T. EDEN 
(Tea Research Institute of Ceylon) wi 


THE nutritional requirements of tea from the standpoint of soils and 
fertilizers have recently been summarized by Mann [1] and the writer 
[2] in this Fournal. ‘The present account deals in some detail with 
experiments in Ceylon covering a complete pruning cycle, i.e. the 
growth-period between successive pruning operations, which is the 
natural agricultural and physiological time unit on which to base experi- 
mental work with this crop. 

At the time of its inception the experiment had to be designed without 
the detailed knowledge of orthogonal arrangements which Yates [3] has 
since provided, and for this reason, with the land available, a definite 
limit was set on the number of different nutrients that could be included. 
Consequently the questions asked were reduced to three, which at that 
time were of paramount agricultural importance. These, and the reasons 
for their selection, were described in the previous paper (loc. cit.), but 
for convenience may be restated here. 

(1) The relationship between quantity of nitrogen and yield—Agricul- 
tural practice in Ceylon in 1930 was as a whole tending to adopt in- 
creasing doses of nitrogenous manures, but no exact knowledge of the 
nature of the crop response was available. 

(2) The value of organic and inorganic sources of nitrogen.—T radition 
and circumstance dictated that a considerable portion, if not all, of the 
nitrogen should be in ‘organic’ form, i.e. the residues of oil-bearing seeds 
or animal offals; and it was contended that the sole use of inorganic 
nitrogen led to uneven cropping and deteriorated quality in the finished 
product. 

(3) The effect of potash on crop response.—This was regarded by many 
as negligible, but the view was nevertheless seldom carried to the logical 
conclusion of omitting this nutrient altogether. 

The experimental scheme thus embraced three variables, two relating 
to quantity, and one to the quality of the nutrients applied, and its design 
was such that, as time and experience with a new technique of experi- 
mentation progressed, other variables could be included. Subsequent to 
Yates’s paper (loc. cit.), variable phosphatic dressings have been included. 


Experimental Design 


The details of experimental design and management were based on 
- the technical study of experimental error which formed the first paper 
of this series [4]. 

1 Parts I and II of this series, dealing with the technique of tea experiments, 
appeared in the JFournal of Agricultural Science, 1931, 21, 547, and 1932, 22, 386, 
respectively. 

3988-10 I 





106 T. EDEN 
The general manurial scheme was as follows: 


No Ky P59 No Kyo P59 No Kyo Ps 
Noo Ko Psp Neo Keo Pao Neo Kao Pso 
Nao Ky P50 Nao Kyo P59 Nao Kyo P59 


The numerical suffixes indicate pounds per acre of nitrogen, potash, 
and phosphoric acid. Potash was supplied as muriate, and phosphoric 
acid as superphosphate. The nitrogen was given in three forms, blood- 
meal, cyanamide, and sulphate of ammonia, and these direct treatment 
effects were orthogonal with nitrogen and potash quantity and their 
interactions. Information on the interactions between quality of nitrogen 
and potash quantity was not available without fitting constants, owing 
to confounding with blocks. 

Other experimental details were: 


Size of plot: 1/12th acre (approximately 250 bushes). 
Replication: sixfold in randomized blocks of nine plots. 
Time between individual pluckings: 9 days. 
Number of plucking rounds: Ist year, 25 
2nd ,, 4! 
3rd _,, 40 
Length of cycle: 3 years. Initial date: November 1930. 
Cultivation: forking annually at time of manuring. 
Yields: dry weight on basis of replicated samples from each plot. 


The plot was made slightly larger than the optimum in order to provide 
sufficient leaf for subsequent experimental manufacture of the produce 
(see Appendix). The degree of replication, based on previous study, was 
deemed to be capable of giving a standard of significance that w ould fall 
within the limits of agricultural importance. This was borne out by the 
results obtained ; the standard errors of means for the experiment in parts 
and as a whole are given in Table r. 

“Tippings’ are those shoots which develop after pruning and are broken 
back before plucking proper begins. 


Pa 


TABLE 1. Accuracy of Experimentation: Standard Error of Mean 
( per cent. wad 


Tippings Ist year and year | 3rdyear | Total yield 


For nitrogen and potash | 
quantities : ‘ sy Igor | 1°79 2°52 | 1°86 
For types of nitrogen . 3°14 2°34 2°18 3°09 aa7 


The second year gave the most satisfactory results. It owes its 
superiority over the first year in all probability to the greater number 
of harvests, and to the fact that by that time a high degree of uniformity 
in the plucking surface was attained. By comparison, the third year 
shows the defects which a cumulative individuality in bush development 
can produce. 
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Plucking Yields 


In Table 2 the yields from the various main treatments are set out for 
the constituent periods of the experiment; the significance of the manurial 
effects is judged from the analyses of variance in Table 3. Where the 
general treatments have been effective the appropriate yields are bracketed 


in Table 2. 
TABLE 2. Yields per Acre in lb. of Dry Matter 


Tippings Ist year 2nd year 3rd year | 3- year “total 
Potash 
Ib. per acre 
fe) 312 518 952 | 672 
20 309 509 932 | 653 
40 317 517 961 | 670 
Nitrogen 
Ib. per acre 
° 296 | 502 878 582 
20 316 > 516 a4 | 672 
40 326 J 527 1,025 742 
Nitrogen type* 
Blood 319 523 990 | 7OI 
Cyanamide 316 518 967 | 688 
Sulph. ammonia 328 523 994 732 


* Means of all plots irrespective of quantity. 


TABLE 3. Analyses idl Variance (Mean Squares) 


df.  Tippings Ist year 2nd year ard year Total 


Nitrogen 


“gress . : 6 
Deviations 1 y 2834 | 5535 pro-20 | 1343°25 }674°86 | 709-53} 807-08 | ON! } 3430 
Potash . , 2°39 2°89 27°96 13°26 107 
K x N inter- 
action . ‘ 20°10 3:18 32°69 14°76 113 
Quality N ? 2°82 0°68 18:22 41°76 115 
Error ; ‘ 8-06 12°13 35°86 35°24 195 
Blocks. ‘ 59°01 76-98 306-65 524°68 1630 
Total - 

. nitrogen 
“quantity effect 0°6287 0'5760* 1°8116* I'g102* 1-7803* 
Z. ee 
P.o5 . . {0°5994 0°6933 <o-714r* {o-7141 <o- 7141 


* Value for nitrogen regression. 


Neither potash nor type of nitrogen had any significant effect upon 
yield; for potash this confirms current tradition, but for type of nitrogen 
the exact opposite is the case. . Not only are the total yields for the three 
nitrogen classes, blood-meal, cy anamide, and sulphate of ammonia 
equivalent w ithin the limits of error, but the shape of the yield-curves 
(not reproduced here) remains identical throughout the three-year cycle, 
notwithstanding the very rapid fluctuations from low to high yield due 
to climatic factors. As a typical instance of this identity of behaviour, the 
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data for a short-period seasonal rise in crop-yield that occurred between 
the 36th and 4oth plucking rounds are: 


Plucking round Blood Cyanamide | Sulphate of ammonia 


36 12°52 11°75 2°27 
40 53°67 54°61 52°97 


This experiment gives, therefore, no support to the theory that, owing 
to their rapid availability, the use of so-called ‘soluble’ nitrogenous 
fertilizers engenders periods of rapid and excessive flushing, followed by 
exhaustion of manurial resources. ‘This theory has to a large extent in- 
fluenced agricultural practice in the past. Yet prior to this confirmation 
in the field, Joachim’s results on nitrification [5] had shown that differen- 
tial rates of av ailability and loss as between inorganic nitrogenous sub- 
stances and organic types with low carbon-nitrogen ratios, were virtually 
non-existent. 

In the first year, the tippings show a definite response to nitrogen 
applications, but this response is not continued in the ‘flush’ harvests 
that follow. This apparent cessation of effect must be viewed in relation 
to the special circumstances of growth in that year. In addition to 
producing tippings and flush, nitrogen has been used in building up the 
foliage and frame of the bush from the pruning level, and only part of this 
growth is accounted for as tippings. ‘Tubbs, on the basis of a regression, 
has shown that this new growth amounts to three times the tipping yields 
(private communication). In comparison with later years, therefore, less 
of the added nitrogen is available for flush production in the last half of 
the season, so that a diminution in response is not at all anomalous. 

The second and final years of the cycle show substantial gains due to 
applications of nitrogen, and their interest lies largely in the very close 
relationship between quantity applied and yield produced. In fact, as 
the analyses of variance show, the nitrogen effect is almost entirely 
accounted for by the linear regression, all deviations being insignificant 
compared with the error figure. It is unusual to find so exact a response 
in agricultural practice, but tea cultivation possesses features which 
place it in a class apart from ordinary crops. In the first place, the pro- 
duce is entirely vegetative and the relationship between growth and crop 
is thus very much simplified. In addition, the frequent plucking arti- 
ficially maintains an active vegetative phase and provides a continuous 
stimulus to growth. The demonstration is further helped by the lack of 
response to potash and the consequent absence of interactions. What- 
ever general statement of nutrient-growth relationship may emerge at 
some later date, whether sigmoid or logarithmic in form, so striking a 
linearity in response of tea to nitrogen suggests that the applications 
used are some way below the optimum, and that there is little fear of 
reaching saturation-point unless excessive doses are applied. 


The Behaviour of the Crop in Successive Years 


Within the natural unit of the pruning cycle, seasonal effects and cul- 
tural operations divide the time period into definite yearly periods. In 


eal ieronbanaithinic: tet ee 
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the second and third years the crop yields have shown a superficial 
similarity in response to nitrogenous dressings and failure in response 
to potash. In addition, it is of some interest to examine the permanence 
of the production effects on blocks and individual plots as the pruning 
cycle advances. A more detailed knowledge of all these points is obtain- 
able by considering the correlations between yield in successive crop 
years. By means of the analysis of covariance the correlations are 
divisible into the same categories as have been used in considering 
variance. 

In addition to the yields for the three experimental years, data were 
available for thirteen plucking rounds from the year preceding the start 
of the experiment proper. These results had been collected at the end 
of the previous pruning cycle to give evidence of the general degree of 
heterogeneity of the experimental area. In using these figures the plots 
have been grouped according to the treatments assigned later. The 
correlations between each experimental year and its predecessor are 
given in Table 4. 


TaBLE 4. Correlation between Successive Experimental Yields 


Ist year | 
and | 2nd year grd year | Significant 
| 
| 
| 


and 
Ist year 


uniformity 
trial 


value 
P -05 


and 
2nd year | 
+0990 |  0°997 
TOOIT | 0°997 
+o'916 | 0878 
+0°816 o'811 
+0°768 0°304 
+0°848 <0°273 


Nitrogen treatments . | —o'818 | +0990 
Potash treatments. | +0°975 +0949 
Interactions . A) +0°233 +0°§22 
Blocks . ‘ oil —o'318 +0°404 
Error. ‘ , | +0292 +0°818 

Total | —0'026 +0°613 


Owing to the few degrees of freedom allocated to the treatment effects, 
none of the treatment correlations is significant except that for inter- 
actions in the third year; and since these interactions are themselves 
insignificant this correlation gives no specific information regarding 
treatments. 

The remaining correlations for the first year and the uniformity trial 
are also below the significant value. There is accordingly no evidence 
that the early development of a bush or plot after pruning is closely related 
to its crop status in the previous cycle. The pruning operation that inter- 
venes between the two croppings, though it is naturally a levelling one, im- 
parts a certain individuality to the bush (thus providing it with a new 
datum-line of growth), but the absence of definite correlation between 
parallel plots, shown by the error correlation, isto some extent unexpected. 
It suggests that the major cause of heterogeneity in tea experiments lies not 
in soil differences, which might be expected to persist from one cycle 
to another, but in variable bush response to standard cultural operations. 

When no such highly individualistic treatment as pruning intervenes, 
the correlation between parallel plots in successive years reaches impor- 
tant dimensions and the error correlations for the second-first and third- 
second periods show definite significance. 
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The block correlations are of particular interest in this series; the 
value +0-404 between second and first years is small enough to be due 
to chance causes and only in the last year does significance emerge. The 
indications are that the status of blocks relative to one another has changed 
during the cycle, and, since there is no reason to suspect any changing 
soil or other factor, the cause must be sought in intrinsic bush charac- 
teristics. An examination of the data showed that a large part of this 
alteration in rank of blocks was due to one of the six blocks comprising 
the experiment. The block in question was relatively low-yielding at 
the beginning of the experiment, being 13 per cent. below the experi- 
mental mean. By the middle of the second year its yield was normal and 
when the pruning cycle was complete it was nearly 25 per cent. better 
than the mean of the experiment as a whole. In order to pursue the 
matter further, the individual pluckings were amalgamated into sets of 
five, and the regression of the percentage deviation of this block from 
the mean of all, calculated on time in the cycle. The resulting linear 
equation was Y = 1-913X—14-67, 
where Y is the deviation from mean block yield and X the time in 
periods of 45 days from the start of the experiment. This block has 
apparently increased in yield at a rate of nearly 2 per cent. of the mean 
every five pluckings. The regression coefficient is highly significant 
when tested by means of t (P -or). 

It so happened that a portion of the field used for the experiment was 
planted with tea which showed a minor difference in race or jat charac- 
teristic, and the block in question was the only one on that portion. No 
difference in response to manures has arisen on this account, but the 
divergence in growth seems to be directly attributable to this jat differ- 
ence. The term jat carries with it no well-defined genetical implications, 
and is not a synonym for variety. No attempt has been made to breed 
pure lines of tea, and seed-gardens are seldom if ever protected from the 
possibility of cross-fertilization. Any field of tea includes bushes of 
varying morphological characteristics mainly associated with leaf-shape, 
colour, number and type of indentations and leaf-size, and the existence 
of these variations is the usual basis for deciding on jat distinctions. In 
fact, tea derived from different tea-seed gardens is commonly dignified 
by assigning to it different jat names. On the other hand jats do exist 
which are easily distinguishable by reason of well-accentuated morpho- 
logical differences, such as those classed as China jat, Manipuri jat, or 
light-leaved Assam jat. That considered here had no external distin- 
guishing feature except a slightly brighter and larger leaf. 

The importance of this finding is both general and particular. Asso- 
ciated with what has been loosely called jat difference, we have in this 
difference of yield-distribution in the cycle a definite and measurable 
growth characteristic. In particular, the cultivation of this or similar jats 
might on this basis be reasonably extended beyond the three-year cycle 
and still maintain a high yield. The present tendency in Ceylon is to- 
wards an elongation of the pruning cycle in high-grown tea for reasons 
of quality unassociated with yield, but the choice of fields for this purpose 
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which are capable of giving adequate returns in the later stages of growth 
should not be neglected. In the early stages of the pruning cycle the leaf 
harvested does not produce fine tea. A jat which produces minimal 
vields at this stage, and more generous yields. than the average in the 
later years, is of particular interest. 


Yields of Foliage-Leaf and Wood 


In addition to yields of flush for manufacture, some account must be 
taken of the rest of the growth produced during a pruning cycle. This 
consists of branch and leaf, almost all of which is removed at pruning 
time; the leaf normally returns to the soil, but the woody portions are 
permanently removed, and represent an appreciable part of the drain on 
the sources of fertility. 

Previous figures for pruning weights and composition have been 
deduced from such small samples as to be entirely misleading. Thus 
Bamber [6] calculated yields per acre on a twenty-bush basis, and ob- 
tained values more than five times those derived from the present 
investigation. 

Since the weighing of prunings from an area of 4} acres is not a 
practicable proposition, a sampling method was employed. The maxi- 
mum sample number that could be reasonably dealt with, allowing for 
the necessity of obtaining dry weights, was 25 per plot. This gave a unit 
of 150 for each treatment, 450 for units representing different levels of 
nitrogen and potash manuring considered separately, and 1,350 in all. 
The system of sampling was to choose by random numbers a row and 
a bush in that row, and to prune five consecutive bushes. Five such 
selections were made for each plot. The samples were dried for a month 
with conditioned air, after which the leaves were stripped and the foliage 
and wood weighed separately for each plot. For purposes of reduction 
to an acreage basis, 3,000 bushes per acre were taken as the standard: 
the yields are appended in ‘Table 5. 


TABLE 5. Yields per Acre in Pounds of Leaf and Wood removed in Pruning 


lb. KO applied per acre _ 


lb. N applied per acre 
@) | 20 | 40 | to) 20 40 


(1) Foliage-leaf . 1,547 1,560 | 1,761 1,549 1,668 1,651 
(2) Wood . : 2,052 2,177. | 2,514 2,161 2,284 2,298 


(1) Significant difference 183 II*3 per cent. 
(2) fe a 350 = 15°9 per cent. 


The errors are unavoidably high, but the appropriate z and ¢ tests 
show that both leaf and wood have responded to nitrogen, the effect 
being marked with the heavier dose. The response to potash is left in 
doubt owing to the high error, but it does not exceed 6-5 per cent. In 
the main, the frame of the bush has responded to manurial applications 
in the same fashion as the flush. Any exact statement of the relationship 
between flush and foliage-growth is precluded by the smallness of prun- 
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ing samples from the individual plots, and this rendered nugatory the 
attempt to establish such a relation by the analysis of covariance. ‘The 
residual correlations for individual plots were negligible, being 


r Flush, foliage-leaf = +-0-063 and r Flush, wood = +-0-023. 


Utilization and Recovery of Nutrients 


The yields discussed in the previous sections, taken in conjunction 
with details of the composition of the several types of materials involved, 
provide a partial picture of nutrient removal from the soil, and an index 
of the recovery of added nutrients. With a perennial bush-crop under a 
semi-permanent experiment, yield data for roots and the unpruned 
portion of the stem cannot be obtained without destroying the con- 
tinuity of the experiment. There is no doubt, however, that the flush, 
foliage-leaf, and wood yields assessed in the previous sections, constitute 
by far the greater portion of the growth experienced during a pruning 
cycle. 

Dealing first with the nitrogen balance of the crop, analyses revealed 
that differences in nitrogenous manuring produced no significant differ- 
ence in the total nitrogen, potash, or phosphoric-acid content of the 
constituent parts, and accordingly a general mean value from all plots 
has been used. Since the composition of the 106 separate flush harvests 
was not known, recourse was had to an adopted mean for 35 sample 
harvests. 

The figures for foliage-leaf and wood were derived from the analyses 
of the actual samples. ‘The mean compositions are set out below: 


Composition of Crop (per cent. on Dry Matter) 


Nitrogen Potash Phosphoric acid 


Flush. ; ‘ . : 4°09 1°63 0°85 
Foliage-leaf ; > : 2°02 1°06 0°35 
Wood ; 4 ; E 0°85 0°53 o'19 


4 
When combined with recorded yields the total quantities of nitrogen 
consumed are those tabulated in Table 6. 


TaBLeE 6. Removal of Nitrogen by Crop, in lb. per Acre 


Plots receiving nitrogen per acre (in 3 years) 
Nil 60 lb. 120 lb. 


Flush. : ‘ ; ‘ 80°2 87°1 93°8 
Foliage-leaf ; ; , 43°23 31°5 35°5 
Wood . : : - 17°4 18°4 21°3 


Total . ‘ ‘ ‘ 128°8 137°0 150°6 


Incremental differences, 8-2, 13°6. 
Total recovery 21°8 = 18 per cent. 
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In each case the flush accounts for nearly two-thirds of the nitrogen 
used. The differences in nitrogen consumption due to manuring are 
small, and their total, 21-8 lb., is but a small fraction of the quantities 
supplied as manurial rations. When every reasonable allowance has been 
made for nitrogen absorbed in thickening of the permanent frame and 
in new root-growth, the recovery of nitrogen is seen to be poor in the 
extreme. These figures have the effect of putting into striking contrast 
the relative dependence of the crop on soil and manurial resources 
respectively. The literature of tropical crops is peculiarly lacking in 
examples of data depicting manurial recovery. Magistad and Oliveira 
report a recovery of 23 per cent. of manurial nitrogen in pineapples [7], 
whilst Haigh and Joachim [8] have observed as high a recovery as 70 
per cent. for paddy, a crop that is atypical because of its direct assimila- 
tion of ammonium compounds. In view of the linear increments in 
yield shown by the present experiment, the low recovery of 18 per cent. 
cannot be attributed to a saturation effect, and other causes must be 
sought. It appears reasonable to ascribe the main source of loss to the 
high temperatures, high rainfall and bare soil, despite the fact that the 
continuous growing-period in tea in Ceylon places the crop in a very 
favourable position for assimilation of manurial supplies. 

By way of comparison with temperate crops, the figures of Russell for 
the classical experiments at Rothamsted may be quoted [9]: 


Percentage recovery of 
nitrogen at Rothamsted 
Wheat . ‘ : ; : : « 33 
Barley . - : ‘ : : . 48 
Swedes . , ; : : : . 
Mangolds 2 : : ‘ : a, 
Sugar-beet. : : : < ee | 


Allied to the question of recovery of added nutrient is that of the constant 
drain upon the sum total of the nutrient resources brought about by the 
annual removal of the crop. For a yield of 2,100 pounds distributed over 
a three-year pruning cycle the utilization of nitrogen, potash, and phos- 
phate is as follows: 


TABLE 7. Removal of Nutrients by a 2,100 lb. Crop (in lb. per Acre) 


Nitrogen Potash Phosphoric acid 
(1) Flush : : : : 87 35 18 
(2) Wood ; 3 : : 19 12 4 
(3) Foliage ‘ : : si 33 17 6 
Total. ‘ ; . 139 64 28 


Permanently removed (1 and 2) . | 106 47 22 
Quantity removed per annum _.. | 35 16 a 


In relation to current agricultural practice these figures are instructive. 
There has been of late a tendency in Ceylon to curtail manurial supplies 
of potash, and on the other hand to employ large doses of phosphoric 
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acid amounting to as much as 120 lb. per acre in a three-year cycle. 
Viewing manurial practice as an effort to maintain soil fertility and to 
produce extra crop, it appears that phosphoric applications are probably 
in excess, and that despite a lack of response to potash, its curtailment 
may lead to a state of deficiency if this policy is indefinitely continued. 
The maintenance of mineral resources in relation to immobilization of 
supplies by a quasi-lateritic soil has been made the object of work now 
proceeding in the ensuing cycle of the experiment. 


Summary 


1. Results are described from a field experiment on tea, carried out 
over a complete three-year pruning cycle, to investigate the response to 
increments of nitrogen and potash manures, and the respective values 
of organic and inorganic sources of nitrogen. 

2. The data show that potash produced no significant effect on ‘flush’, 
foliage-leaf, or wood-growth, but that nitrogen gave substantial responses 
in each constituent. The yields of flush indicate response only in the 
second and third years, and this response is to all intents a linear function 
of manurial application. There is no indication that up to the maximum 
dose used (40 Ib. per acre) saturation effects have occurred. 

3. There was no difference between the three types of nitrogen used 
(blood-meal, sulphate of ammonia, and cyanamide). 

4. Correlations between yields in successive years showed that specific 
differences in yield-status of parallel plots are not maintained when 
pruning intervenes between the two years considered, and that bush 
heterogeneity is more important than soil heterogeneity as a cause of 
variability. 

5. Wherea difference in race or jat occurred in the experimental tea, 
it was characterized by a distinctive difference in yield-distribution 
during the cycle. 

6. A balance-sheet of nutrients absorbed shows a low recovery of 
nitrogen from manurial applications not exceeding 18 per cent. on the 
average. An average crop of 700 lb. per acre removed annually 35 lb. 
nitrogen, 16 lb. potash, and only 7 lb. phosphoric acid. ‘These quantities 
are discussed in relation to the mafhtenance of soil fertility and current 
practice. 
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APPENDIX 


THE EFFECT OF MANURIAL TREATMENT ON THE COMPOSITION 
OF THE MADE TEA 


Completed by T. EDEN from an investigation begun by D. 1. EVANS 


The quality of manufactured tea has always been a paramount con- 
sideration in tea culture, and in planning the routine of crop manage- 
ment, and in introducing any novel feature, the possible effect on quality 
is continually in the mind of the agriculturist. There is at the present 
moment no more vigorously contested aspect in the technology of tea 
than the effect of manuring on the finished product. 

Quality in tea wellnigh eludes definition. It is generally held to be 
the resultant of a number of more or less ill-defined characteristics in 
the liquors, chief among which are the colour, strength, pungency 
(astringency), and flavour. 

These characteristics, which are of a purely qualitative nature, are 
assessed by the tea-taster with a remarkable degree of success when the 
differences are very pronounced, but it would be idle to deny that the 
subjective element plays a great part when fine distinctions are drawn. 

In order to rationalize the whole matter, two lines of attack are neces- 
sary: (a) a study of the constituents of made tea, and (b) a quantitative 
or quasi-quantitative standardization of the tea-taster’s technique. Both 
these aspects have received attention, but sufficient progress has not been 
made in the second for a correlational study with chemical data to be 
made with any degree of reliance. These circumstances notwithstanding, 
since the ultimate aim is that of interpreting quality in terms of chemical 
and physical standards, it is of importance to determine whether manur- 
ing causes any consistent difference in the composition of made tea. 

Every individual harvest of the foregoing experiment has been manu- 
factured on specially designed experimental machinery. Over the three- 
year period a comparison has been made between tea from plots re- 
ceiving no nitrogenous manure and those to which 40 lb. per acre of 
nitrogen had been applied annually. In the last year of the experiment 
a distinction was drawn between the type of nitrogen applied, and leaf 
from plots manured with equivalent quantities of nitrogen as sulphate of 
ammonia, cyanamide, and blood-meal was simultaneously manufactured. 


Analytical Determination and Methods 


The analytical data were all determined on the liquors and are all 
expressed in terms of dried tea. In choosing what characteristics in the 
liquors should be determined, account was taken of similar work done 
elsewhere and particularly of those compounds which are normally 
extracted in large quantities by the ordinary domestic infusion. Evans 
[1] has shown that the non-tannin substances are almost completely 
extracted at the end of five minutes, and that a second infusion contains 
little caffeine and hardly any ash-constituents. ‘Tannins are less readily 
extracted, though they form the largest individual constituent. Taking 
the five-minute infusion as the standard, the increased extraction obtained 
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by doubling the time of infusion, as given by him, is—soluble substances 
11-5, tannin 21-0, nitrogen 7-0, and other substances 3-0 per cent. 

The following are the determinations made and the methods used: 

Soluble substances (extract). ‘Two gm. of crushed tea (passing the 
20-mesh sieve) are boiled with 400 c.c. of distilled water under a reflux- 
condenser for 45 minutes. The contents, allowed to stand over-night, 
are then made up to 500 c.c. in a graduated flask. Filtered aliquots are 
taken for all subsequent determinations. For soluble substances 50 c.c. 
are evaporated to dryness on a water-bath and subsequently kept in a 
drying-oven at 105° C. for 2 hours. 

Tannins. The estimation of tannins in tea is not easy, and a thoroughly 
satisfactory method has still to be worked out. It is significant that the 
latest monograph on vegetable tannins gives no method for their estima- 
tion [2]. After experience with precipitation methods by means of 
formaldehyde [3], and with the official method of the Association of 
Official Agricultural Chemists [4], which has a very elusive end-point in 
titration, recourse was had to a modification of Shaw’s iodometric 
technique [5]. The chief alteration is a lengthening of the time of 
reaction from 15 to go minutes. The determination consists in assessing 
total oxidizable matter in the first place, after which the tannins in a 
further aliquot are precipitated by the standard gelatin reagent and 
kaolin method and a further iodometric oxidation made on the filtrate. 
The difference is recorded as tannin equivalent. Of these two determina- 
tions the latter is the least satisfactory owing to difficulties in the 
standardization of precipitation. If, however, a highly significant relation- 
ship exists between total oxidizable matter (T.0O.M.) and oxidizable 
matter minus non-tannins, it would be simpler and more satisfactory 
for comparative purposes to use some appropriate function of the figure 
for total oxidizable matter. 

In order to explore this possibility, the regression of tannin on total 
oxidizable matter was examined on a set of fifty-eight determinations of 
these teas. The resulting linear equation was 


Y = 0-783X —o-30, 


where Y = tannins determined from the two afore-mentioned oxida- 
tions, and X = total oxidizable matter. 

The standard error of the regression coefficient was 0:035, so that the 
goodness of fit is very satisfactory. Since the line so nearly passes through 
the origin, the oxidizable matter ascribable to tannin bodies is to all 
intents and purposes proportional to 'T.O.M. 

This figure thus provides an easily determined value for comparative 
purposes. The chemical procedure is as follows: 

Total oxidizable matter. 'To 20 c.c. of the extract, an equal quantity 
of N/1o iodine is added, together with 12 c.c. of N-sodium hydroxide. 
After a lapse of go minutes, 25 c.c. of sulphuric acid (40 gm. per litre) 
and 600 c.c. of water are added. The liberated iodine is titrated against 
N/20 sodium thiosulphate. ‘The results are expressed as titre in c.c. per 
one gram of the original sample. 

Oxidizable matter (non-tannins). ‘The method followed was that of the 
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A.O.A.C. (loc. cit.) with the addition that further additions of kaolin 
were made, and further shaking carried out, until no opalescence oc- 
curred when the filtrate was tested with dilute tannic acid. 

Nitrogen in extract was determined by the Kjeldahl method. 

Caffeine was determined by the Bailey-Andrew method (A.O.A.C.). 

Ash. Ignitions were made in platinum ware. 


Composition of the Teas 


The mean composition of the teas for the first comparison, i.e. no 
nitrogen versus 40 lb. per acre of nitrogen is given in Table 1. The 
number of samples for analysis was reduced by bulking together a 
number of consecutive harvest samples in quantities proportional to 
their yields. For extract, nitrogen in extract, and 'T.0O.M., there were 
finally sixteen weighted samples of five; for caffeine and ash the samples 
covered ten consecutive samples. 


TABLE 1. Comparison of Tea receiving no Nitrogen and Tea receiving 
40 lb. of Nitrogen per Acre 


No nitrogen With nitrogen Difference Standard error 
* Extract . é 41°44 41°46 ‘ 0'078 
*N.in extract . ° 1°67 : O'00012 
TTOM. . ‘ 233° 232°1 +4" | 1°158 
*Caffeine . ; 3° 3°25 —0- | 0°034 
*Ash ; : "25 5°16 +0- | 0°034 


* Per cent. on dry tea. } Titre per gram of dry tea. 


Such differences in composition as the data show are all very small. 
Of the five characteristics studied, only three attain statistical signifi- 
cance. In soluble nitrogen and the closely related caffeine, the teas 
manured with nitrogen show a consistent superiority. Although it is 
interesting to note that nitrogenous manuring affects caffeine-content, 
which some regard as a mobile form of storage for nitrogen, the difference 
is not large enough to be technologically important [6]. Neither extract 
nor tannin is appreciably affected by the manurial differences. Ash, on 
the other hand, shows a small but significant superiority in the no- 
nitrogen group. So far as composition is concerned, there is nothing in 
the data to warrant the view that nitrogenous manuring in the quantities 
here illustrated has any detrimental effect upon the finished product. 

A similar procedure was adopted for the samples embodying different 
forms of the same quantities of nitrogenous manure. In like manner 
bulked samples of five were examined. The significance of treatment 
effects has been tested by a comparison of treatment variance with the 
interaction of treatment with occasion. Using Snedecor’s function F, 
the ratio of the comparable variances, the actual and the significant 
values for each characteristic are tabulated for comparison [7]. The 
replication is sevenfold throughout. 

Not one of the differences is statistically significant. As with yielding 
capacity, so with composition of the finished product, the various forms 
of nitrogen behave alike. The agricultural preference for so-called 
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‘organic’ nitrogen as manure is not substantiated by differences in com- 
position of the liquors under otherwise comparable conditions. 


TABLE 2. Comparison between Different Kinds of Manurial Nitrogen 


Sulphate 
of ammonia | Cyanamide | Blood-meal F F signif. 
Extract . 44°24 44°12 44°26 1°87 19°41 
N in extract 1°69 1°63 1°62 1°39 3°88 
T.O.M. : 259°3 263°4 262°4 3°37 3°88 
Caffeine ; 3°28 3°28 3°25 1°58 19°41 
Ash . ‘ 5°33 5°28 5°26 1°09 3°88 


Summary 


1. Two series of samples of made tea, derived from field experimental 
plots, have been examined for chemical composition. 

In the first series a comparison was made between tea receiving no 
nitrogen and tea receiving 40 lb. nitrogen per acre; the samples extended 
over a three-year pruning cycle. 

In the second series a comparison was made between equivalent 
quantities of nitrogen in three forms, sulphate of ammonia, cyanamide, 
and blood-meal, in the third year of treatment. 

2. The methods of analysis used are described. 

3. The results show that nitrogenous manuring makes distinguishable 
but unimportant differences in the soluble nitrogen, caffeine, and ash, but 
that extract- and tannin-contents are indistinguishable. 

4. No significant differences in any characteristic emerged from the 
comparison of different kinds of nitrogen. 


Some two-thirds of the chemical determinations in this paper were 
made by Dr. D. I. Evans prior to his severing connexion with the Tea 
Research Institute, and the chemical technique followed throughout is 
his. The remainder and the statistical analysis of results and their 
interpretation are the sole responsibility of the joint signatory (‘T.E.). 
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THE CULTIVATION OF RICE IN CEYLON 


L. LORD 
(Divisional Agricultural Officer, Ceylon) 
With Plate 11 


UNLIKE the plantation industries of tea, rubber, and coco-nuts, for which 
complete statistical information on areas and yields are available, there 
are in Ceylon no reliable data on village agriculture. It is estimated that 
about 800,000 acres of rice are grown annually, the actual area of land 
being less, as some land carries two crops a year. The latest official esti- 
mate of y ield by revenue officers is 14 bushels (of 45 lb.) per acre. This 
figure is admittedly open to serious error, and since 1925 figures for yield 
have not been included in the statistics. There is reason for supposing 
that the estimated yield of 14 bu. per acre is too low, and this question 
will be referred to later. If the average yield is taken to be 20 bu., the 
annual production is 16 millions bu. of paddy (rice in the husk) or 8 
million bu. of husked rice. This is equal to about 4-6 million cwt. The 
imports of paddy and rice into Ceylon for the five years 1929-33 in terms 
of husked rice have averaged 9-27 million cwt. It will be seen, therefore, 
that Ceylon produces about a third of the rice it requires. Why a purely 
agricultural country like Ceylon finds it necessary to depend on Burma 
for two-thirds of its rice requirements is due to the magnitude of the 
plantation industries, particularly of tea and rubber, and to some extent 
of coco-nuts. Not only do the plantation industries make use of land 
much of which could grow rice or other cereals, but they employ a large 
labour force whose staple diet is rice. It must be added that it is to its 
plantation industries that Ceylon owes its prosperity. 

In spite of the large areas under tea, rubber, and coco-nuts, there are 
larger areas of jungle, scrub jungle, and savannah capable of growing rice 
if irrigation-water can be supplied. The construction of new works for 
the supply of irrigation-water on a large scale will be costly and possibly 
uneconomic, but the production of rice can be and is being increased by 
the following means: (i) the restoration of ancient village tanks where old 
paddy land exists and where there is still a nucleus of population; (ii) the 
improvement of major irrigation-works and the construction of new 
channels to bring more land under cultivation; (iii) organized coloniza- 
tion schemes under major irrigation-works, where owing to malaria or 
other reasons land has not been taken up; and (iv) the adoption of im- 
proved methods of cultivation, which are being vigorously urged by the 
Department of Agriculture through propaganda and practical demonstra- 
tion, and include the use of pedigree seed, improved implements, of 
green, farmyard and artificial manures, and the adoption of transplanting 
in those areas where this practice is suitable. 

Climate and soils.—Rice is chiefly cultivated in the low country, but 
considerable areas are cultivated in the mid-country up to 2,500 ft. above 
sea-level. Rice is cultivated between 4,000 and 5,000 ft., but the area is 
small. ‘The temperature conditions for the bulk of the tice area do not 
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vary greatly. There is, however, considerable variation in the rainfall. 

Rice is grown all over Ceylon and the rainfall varies from under 50 in. to 
over 200 in. Under favourable conditions from 50 to 60 in. of rain 
distributed during the growing-season are sufficient for a 4-months’ 
crop. More than half of Ceylon has a yearly rainfall of under 75 in., and 
in this part of the Island cultivation that depends entirely upon rainfall 
is precarious owing to the uncertainty of its incidence. Irrigation-water 
is generally utilized both to supplement and, in the dry season, to replace 
direct rainfall. Even in the wetter parts of the Island the run-off from 
land adjoining the rice fields is utilized. Owing to the risk of floods in the 
wet season large areas are cultivated under irrigation during the dry 
season. Generally speaking, there is sufficient rainfall for rice during 
both the north-east and south-west monsoons only in a small area in the 
south-west of the Island stretching, roughly, from Kandy in the mid- 
country to Galle at sea-level. But even here run-off from nearby land is 
utilized. During the north-east monsoon 5-6} months’ varieties are 
grown, and during the south-west monsoon 4~—5 months’ varieties. The 
seasons are known, in Sinhalese, as maha, and yala respectively, meaning 
long and short season. In the rest of the Island direct rainfall is 
insufficient during the south-west monsoon, when generally 3-months’ 
varieties are grown under irrigation. During the north-east monsoon 4- 
months’ varieties are generally grown, to some extent with direct rainfall 
only, but generally with supplementary irrigation-water. ‘Table 1 gives an 
idea of the meteorological conditions in two dissimilar parts of the Island. 

Nosystematic study of the rice soils has yet been made. Typical soils are 
clays or clay loams that can be puddled to retain water, and have an acid or 
slightly acid reaction. In the Eastern Province there are considerable areas 
of sandy-loam soils which produce a good crop when water is sufficient. 

Irrigation —Most of the paddy land is irrigated with water stored in 
large or small reservoirs, known as tanks. ‘The thousands of tanks, most 
of them abandoned for centuries, in the northern half of the Island, bear 
witness to the magnitude of the facilities for irrigation in ancient times. 
Many of these tanks were constructed before the beginning of the 
Christian era, and modern engineering science is impressed by the 
ingenuity displayed i in the construction of them and their channels. The 
channel from Kalawewa tank to Anuradhapura is 57 miles long. There 
were systematic irrigation schemes and small tanks were fed from large 
tanks. Most of the thousands of tanks are small, but many were (and 
are) large. The area of Minneriya tank, the largest, is 4,500 acres; 
Kalawewa, the second largest, covers 4,337 acres, and Nachchaduwa 
tank 3,920 acres. ‘There is evidence for the statement frequently made 
by Ceylonese that at one time Ceylon was the granary of the East. 

Most of the modern major irrigation-works are based on ancient tanks 
that have been restored and improved, and many of the ancient channels 
have been utilized. ‘The area of land under major works actually sown 
iN 1933 is given as 167,000 acres. Some of the area is cultivated twice a 
year, so the actual land area is somewhat less. Under smaller village tanks 
in the same year the area is given as 212,941 acres. Thus nearly half the 
total rice area is irrigated by major works or by village tanks. 
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TABLE 1. Rice Cultivation; Meteorological Data 


Mean 
Mean | Maxi- | Mini- | daily 
Total monthly mum mum sun- 
no. of | temp. temp. temp. shine Rainfall 
District Month | days F. #2 rr. ; in. 


Batticaloa, 30 ft. Mar. 80°2 87°6 69°7 ° 3°15 
a.s.l.,. SW. Season, | Apr. 82-0 90°6 74°8 ° 1°95 
3-months rice. May 83°6 96°2 74°6 : 1°84 

Vellai perunel. June 84'8 97°7 74°6 . 0°96 

Irrigated. 


Batticaloa, 30 ft. Oct. 80'9 88-6 72°1 ° 6°49 
a.s.l., NE. Season, | Nov. 79°4 gor! 72°1 , 13°51 
4-months rice. Dec. 77°9 84°1 70°5 , 16°46 

Perillanel. Jan. 77°6 82°4 69°8 . 10°36 

Irrigated when Feb. 78°3 87°2 67°4 *s 3°44 
necessary. 


Kandy, 1,611 ft.a.s.l. | Apr. 78°7 89°4 65°8 , 6°83 
SW. Season, 44-5- May 78°3 gI'l 67°6 . 5°78 
months rice. June 77°O 88-1 66-2 ° 9°45 

Suduhinati. July 76°6 85°5 67°3 , 7°39 

Irrigated when Aug. 76°2 88-7 67°2 , 5°82 
necessary. 


Kandy, 1,611 ft.a.s.l. Sept. 76°2 86°6 64°5 
NE. Season, 6-7- | Oct. 76:0 87°1 65°1 


6°05 
11°62 
Mauwi. Dec. ye 85°8 61°8 
Irrigated when Jan. 75°0 85°7 63°4 
necessary. Feb. | about 76°6 88-4 53°3 : 2°23 
Mar. 200 78°4 89°2 64°1 6°9 4°20 


8°85 
5°38 


5 
I 
months rice. Nov. 75°9 86-0 62°2 "7 10°51 
5 
I 
° 


Notes. (1) The figures given are means over a number of years. 
(2) In the Batticaloa District sowing during the NE. monsoon 
generally takes place early in November. 
During the SW. monsoon, when irrigation-water almost alone 
is relied on, sowing takes place from February to June, but a 
common time for sowing is from March to April. 


Varieties —Lists have been published of over 300 different names of 
botanical varieties, but there can be little doubt that many are synonyms. 
A complete study of the varieties has not yet been made, but those so far 
examined by Lord and Abeysundera [1] show that the mawi (aged 6 
months) group of rices are similar to the Burma midon type, and the short- 
aged (3-4 months) rices like hinati, murungan, hinkarayel, illankalayan, 
and suduhonderawala (5 months) are similar to the Burma ngasein type [2]. 
A small round-grained variety known as podiwi (similar to the Indian 
muthusamba) with a white testa is grown on a small scale and is esteemed 
as a table rice. The striking peculiarity of Ceylon rices compared with 
rices in other countries is that they have almost invariably a red testa. 
Most of the varieties grown on a large scale are unawned. 

There is a belief among cultivators that certain varieties are best suited 
for certain soil conditions, but it is remarkable how well one variety will 
adapt itself to different soil and climatic conditions. The pedigree selec- 
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tion perillanel 26014 may be quoted as an example. This selection gives 
comparatively high yields on sandy soils at Batticaloa at sea-level and on 
clay loams in the Province of Uva at 2,000 ft. above sea-level. Another 
pedigree selection, vellai illankalayan 28061, has proved to be a higher 
yielder than the village varieties over most of the northern half of the 
Island. There is little doubt that the number of so-called varieties at 
present grown could be divided by ten without loss of yield and with 
a very definite gain in uniformity. 

Unfortunately, in a country like Ceylon, with large differences in rain- 
fall, different-aged varieties are essential. Av ariety for a district depend- 
ing upon direct rainfall must be of such an age that it will flower during 
a period of light rainfall and mature in a comparatively dry period. The 
time of sowing cannot be altered very much; it depends on the start of 
the rains. Under irrigation it is the general custom to grow a 3-months’ 
variety during the dry season and a 4-months’ variety during the wet. 
Other things being equal, the yield of a variety is positively correlated 
with age. 

There are now available for most of the different conditions under 
which rice is grown in Ceylon, pedigree selections yielding from 15 to 
30 per cent. more than the ‘local v illage varieties. ‘The technique used in 
selection has been described by Lord [3]. These pedigree selections are 
now becoming popular with cultivators. Most of the rice produced is 
husked in a primitive mortar in the home. Until a milling industry using 
modern machinery is developed, there is no reason why the present red 
rices should be replaced by white. 

Size of holdings.—Here, too, no reliable statistics are available, but it is 
believed that the size of the holding worked by one man is from 2 to 3 
acres. This does not apply to the Eastern Province where holdings of 
over 25 acres are common and where one man will work from 5 to 7 
acres. The small size of the holdings, apart from the Eastern Province, 
is due to lack of land and the popularity of paddy cultivation among the 
Sinhalese, who consider that more prestige is attached to this than to 
other forms of manual work. 

In the east and north of the Island comparatively large rice-fields are 
found, many being as large as half an acre and a few slightly larger. Even 
here the tendency is to construct small fields rather than to undertake 
the necessary levelling of the land to construct large fields. In the rest 
of the Island rice-fields are very small, and many of the picturesque 
terraced rice-fields in the mid-country are no larger than 10 or 12 sq. ft. 

Cultivation —In small fields the land is tilled by hand with an imple- 
ment known as a ‘mamootie’, which is a heavier and larger variety of hoe. 
It produces the same effect as digging with a spade, the necessary force to 
penetrate the ground being obtained by swinging the implement over 
the head. In larger fields tillage is done either by a primitive plough 
drawn by cattle or buffaloes, or by the trampling of a team of six or 
eight buffaloes driven round ‘and round the field. The latter method is 
chiefly used on marshy land where animals sink in up to their bellies, and 
on flooded land where it is difficult to see where the plough has been. 
But in many places fields are prepared by trampling that could easily 
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be ploughed, because buffaloes cost less than plough cattle. Plough 
cattle are small and generally uncared for, but many are quite able to 
draw a light mould-board plough like Ransomes ‘Ceres’ or ‘P.I.K.’ The 
comparatively high cost of these ploughs, however, precludes their 
general use. A simple wooden harrow pulled by two bulls is used in 
Burma to puddle the soil after the first ploughing. The writer has intro- 
duced this implement into Ceylon, but it has not yet become very 
popular. Its use ensures better and cheaper puddling of the soil. After 
two or three ploughings or tramplings with one or two inches of standing 
water on the soil, the field is levelled either by hand-levellers resembling 
a wooden rake without teeth, or by a plank drawn by two cattle. About 
this time the bunds surrounding the field are generally plastered with 
mud from the field to fill up crab holes and to render the bunds more 
impervious to water. After levelling, small drains are made to remove 
any standing water. Germinated seed is broadcast at the rate of from 
24 to 33 bushels per acre. In germinating the seed it is first soaked in 
water (in a gunny bag) for 12-24 hours, after which the bag is put in a 
shed and covered with moist empty bags or with leaves. Sometimes light 
weights are placed on the top. After from 4 to 7 days, when the radicle 
and plumule have emerged, the seed is sown. In parts of the Eastern 
and Northern Provinces appreciable areas are sown during the NE. 
season with ungerminated seed. The rather sandy fields are ploughed, 
without flooding, at the start of the rains, and irrigation water is not issued 
until the rainfall has become inadequate. With good cultivation 2 bushels 
per acre of seed paddy are ample. 

The seed used is mainly that grown during the last corresponding 
season, which means that the seed is from 5 to 8 months old. The 
germination rapidly lessens after 10 months from harvesting. Newly 
harvested rice seed, except the seed of dead-ripe, short-aged, varieties 
cannot be used for sowing until 2 or 2} months after harvest. 

As a result of the propaganda efforts of the Department of Agriculture, 
the acreage transplanted, though small, is increasing. Experiments in 
Ceylon [4, 5] have shown that, with a 6 to 7 months’ rice, transplanting 
increases the yield by from 30 to 46 per cent., and is profitable. With 
the 3- and 4-months’ varieties, which occupy most of the rice area, it is 
doubtful if transplanting will be profitable. Weeding, with or without 
thinning the plants, a month after sowing, is carried out in a few districts 
only. Manuring will be discussed in the following section. The crop is 
harvested about one month after flowering by means of a serrated sickle- 
shaped knife. It is threshed by trampling with buffaloes, and winnowed 
by wind. Threshing is done on the field or on adjacent high land, and 
although in many places threshing floors are carefully beaten flat and 

lastered with cattle-manure, frequently the floors are roughly made, 
and the rice from these floors contains sand and small stones, which are 
objected to by consumers as they cannot easily be remov ed before or 
during cooking. Efforts are being made to encourage threshing on jute 
or palmyrah-leaf mats, and the construction of permanent brick and 
cement communal threshing floors is advocated. 

Manuring.—The application of manures to rice-fields is the exception 
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rather than the rule, although green-manuring is fairly extensively prac- 
tised by Sinhalese cultivators in the Kandian districts, and by the Tamils 
in the extreme north of the Island. Green-manure crops, like Crotalaria 
juncea, are not grown for the purpose of green-manuring. Among the 
trees whose leaves are used are Azadirachta indica, Cerbera odollam, 
Borassus flabellifer, Erythrina lithosperma, and Gliricidia sepium. Wild 
Sunflower (Tithonia diversifolia), which grows luxuriantly and is found 
wild in the mid-country, makes an excellent green-manure and its use 
is extending. The effects of green-manuring on yield have been investi- 
gated by Haigh and Joachim [6] and Lord [8, 9], and the chemical 
changes in the soil by Joachim and Kandiah [7]. It was found that the 
green material gave its maximum effect if applied under anaerobic con- 
ditions (i.e. after the soil had been flooded) and within a few days of 
broadcasting or transplanting. Applications of 5 tons per acre gave in- 
creased yields of 30 and 29} bushels. An application of 1 ton per acre 
is more likely to be used. In two experiments in different years this 
dressing produced increased yields of 12} and 15 bu. per acre. Farm- 
yard manure is seldom used, is not available in large amounts, and its 
quantitative effect has not been studied. Its use on rice-fields is being 
encouraged. The effect of artificial manures on the yield of rice has been 
studied by Lord [8, 10, 11, 12] and Haigh and Joachim [5, 6]. ‘The effect 
of manures on the composition of the paddy crop has been investigated 
by Joachim, Kandiah, and Pandittesekere [14]. 

Generally, it has been found that phosphoric acid is the limiting factor 
in Ceylon soils, and that the rice crop responds both to phosphoric acid 
and to nitrogen in the form of sulphate of ammonia or ammonium phos- 
phate. Excluding the results of manurial trials in the Eastern Province, 
an examination of the others shows that an application of 1 cwt. of 
ordinary superphosphate or of bone-meal may be expected to give on 
an average an increase of from 10 to 15 bu. with a normal crop, and a 
residual effect of about half that amount. Sulphate of ammonia alone 
has not given profitable increases, but from dressings of 93-104 lb. per 
acre of both wide and narrow ratio Ammophos, increases varying from 
10 to 25 bu. per acre were obtained. There is evidence to show that the 
wide ratio ammonium phosphate w4s more effective than the narrow. 
There was some residual effect. Recent experiments in the Eastern 
Province [12] have shown that at three widely separated centres there was 
at two centres no response, and at one little and non-significant response, 
to phosphoric acid. Three- and four-months’ rices were grown and 1 
cwt. of concentrated superphosphate (42 per cent. P,O;) was applied per 
acre. ‘The experiments, which were identical at the three centres, included 
also applications of 1 cwt. per acre of Nicifos (22/18) and Ammophos 
(13/46). At two centres Nicifos gave significant increases of respectively 
11°3 bu.’ per acre (4-months’ rice) and 9-3 bu. (3-months rice). The 
response to Ammophos was slightly less. At the third centre the increase 
due to Nicifos was 10-8 bu. per acre, but the experiment was just not 
statistically significant. It would appear, therefore, that in the soils of 
the Eastern Province (and perhaps in other soils in the Island) nitrogen 

1 Bushels of 45 Ib. 
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is the limiting factor. Experiments have already been laid down to 
determine this. For the present it may definitely be said that the applica- 
tion of 1 cwt. per acre of one of the ammonium phosphates will pay when 
the price of paddy (rice in the husk) is not less than Rs. 1-50 per bu. 
In those areas where rice responds to phosphoric acid alone, manuring 
is profitable even with a price of Rs. 1 per bu. There is, however, 
little likelihood of artificial fertilizers being used on a large scale unless 
the price of paddy rises to somewhere near Rs. 2 per bu. 

Generally, manurial experiments are carried out in small bunded plots 
with each replication complete within one field. It has been shown [13] 
that if a replication extends over two or more fields, the standard error 
may be largely increased. It has been noticed that where small bunded 
plots are used, particularly in places where drainage is difficult, the levels 
of the plots may vary. If heavy rain falls soon after sowing, there may 
be standing water on some plots and not on others. Standing water at 
this stage may retard growth, or even destroy the plant, perhaps by 
burying the seed, with the tiny plumule and radicle, under fine mud. 
Two manurial experiments carried out by the writer in bunded plots 
were spoiled by rain soon after sowing. Recently, plots have been used 
without bunds but with a 3-foot space between plots in the middle of 
which a shallow drain is constructed. This method avoids or reduces 
errors through differences of level and, judged by the magnitude of the 
response to fertilizer, there is little if any wash from one plot to another. 
The space between the plots is sown with rice. Owing to the small size 
of the fields in Ceylon, experimental plots must necessarily be small if (as 
is so desirable) a replication is to be laid down in one field. Plots of 1/80 
acre, of which an inner area of 1/100 acre is harvested, replicated from 
four to six times give sufficiently small experimental errors. 

Irrigation-water—No data have yet been obtained on the optimum 
amount of water necessary for paddy. Generally the Irrigation Depart- 
ment allows 6 acre-feet for a dry-season crop of from 3 to 4 months. 
Although a fair amount of this water is lost in the channel by percolation, 
it is ample for a good crop. In parts of the Island it is the custom to 
allow irrigated fields to dry out after sowing to such an extent that 
cracks appear in the soil, in the belief that the aeration thus provided is 
beneficial at this stage. ‘Two pot experiments were carried out to ascer- 
tain if drying out had any effect on yield. Three treatments were given: 
(a) periodic drying as practised by some cultivators, (6) continual sub- 
mergence from ten days after transplanting until two weeks before 
harvesting, and (c) a combination of (a) and (6). In the first experiment 
no significant differences were obtained, but a second experiment in which 
the treatments were replicated eight times and which satisfied the require- 
ments of the Z test gave the following comparative yields: periodic drying 
100, continual submergence 131, and a combination of the two treatments 
106. Continual submergence from an early stage in the growth of the 
plants not only gives increased yields but reduces weed-growth, and 
prevents any serious damage from the Swarming Caterpillar (Spodoptera 
mauritia), which is found chiefly in those areas where drying out of the 
soil is practised. The depth to which plants are submerged varies from 
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3 to over 12 in., depending on the height of the bunds (many are made 
too low), the amount of water available, and the presence or absence of 
drainage facilities. A depth of 6 in. is considered desirable. 

Cost of cultivation.—Almost all the rice in Ceylon is grown either by 
small owner-cultivators or, more generally, by tenants on a share system. 
The share system of tenancy is not conducive to good cultivation as the 
tenant knows that he will only get half of any increased yield due to 
manuring, transplanting, or better tillage. The share system, however, 
appears to be unavoidable; a landlord will not consider cultivating by 
means of hired labourers on daily pay. In the share system of tenancy 
the tenant is financed by the landlord. Owing to the different systems of 
share-tenancy and the numerous loans which are made, generally in kind 
at 50 per cent. interest, no reliable figures of cost of cultivation under 
share-tenancy conditions are available. 

The cost of cultivating with hired labour, using mould-board ploughs 
and Burmese harrows, has been recorded at two paddy-seed stations in 
the Eastern Province. Although these costs are undoubtedly somewhat 
greater than the cost of cultivating under a share-tenancy the figures may 
be of interest. 


TABLE 2. Cost of Rice Cultivation per Acre 


: Station 
Operation - - 
Illupadichchenai Sengapadi 
Rs. cents.! Rs. cents. 

Repairing bunds . : ° go I 88 
Ploughing and harrowing 8 80 ¥ 86 
Levelling . ’ : i 6 
Sowing and making drains ° 40? J ? ns 
Reaping : ‘ ; ; 2 60 I 88 
Carrying sheaves and stacking I 95 I 52 
Threshing 5 46 | 
Winnowing . I 92 ce 
Fencing , . I 99 I 00 
Watching and Irrigating "| 39 9 20 
Water Rate . : ; ‘ , , I 30 ° 5° 
Seed Paddy, 2 bu. at Rs. 1°50 ; vr 3 00 3 oo 

Total 35 71 34 36 
Yield per acre in bu. of 45 lb. 30 37 
Wages, men, per day , . : ° 603 ° 50 
Plough-bulls per pair per day : ; 3 ° 7 wa 
Plough-buffaloes or bulls per pair per day ‘ ne I 00 

™ Rs. 1 equal 1s. 6d. 2 Dry sowing of ungerminated seed. 


3 75 cents at harvest. 


The rent of land varies largely, but a general rent is between Rs. 7 and 
Rs. 15 per acre; the price of unhusked rice for the past two years has 
varied between Rs. 1 and Rs. 1-50 per bu. At present a movement is on 
foot to increase the price of rice, either by increasing the existing moder- 
ate import duty, or by a system of quotas. 

Yields.—It has already been stated that the official estimate of the 
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yield of rice! is 14 bu. per acre, or less than half the yield in India, where 
conditions are not greatly dissimilar. Although the estimate of 14 bu. is 
too low, there is little doubt that average yields in Ceylon are really lower 
than in India. This may be ascribed to the following reasons: (1) A 
proportionately greater area of short-aged rices is grown in Ceylon and, 
other things being equal, the longer the age the higher the yield. (ii) 
Ceylon figures for area include twice over land that is cropped twice a 
year, and it is believed there is more double cropping in Ceylon than in 
India. Double-cropped land per crop yields es than once- — 
land. (iii) Appreciable areas of land in Ceylon fail to mature a crop, 0 
a normal crop, owing to failure of rains or shortage of irrigation water. 
(iv) ‘Transplanting is widely practised in India. In Ceylon it is the 
exception, and it is doubtful if transplanting is profitable with short- 
aged varieties. A more reliable estimate of yields is contained in the 
report of the Director of Irrigation, and in 1931 the yield of over 161,000 
acres of rice under major works is given as 21:2 bu. per acre... Of these 
figures the area is based on measurement, the yield on estimates and not 
on crop cuttings. Estimates of yields, which are made after consultation 
with cultivators, are invariably on the low side as both landlords and 
tenants are reluctant to divulge the true yields. Excluding areas which 
fail to mature a normal crop due to lack of water, the yield of rice in 
Ceylon is probably between 20 and 30 bu. per acre. ‘The following yields, 
using 3-4-months’ pedigree selections, and with good cultivation but no 
manuring, have been obtained recently i in the Eastern Province: 354 bu. 
from 10 acres in 1932~—3 (35:4 bu. per acre), 297 bu. from ro acres in 
1933-4 (29-7 bu. per acre), 438 bu. from 12} acres in 1933 (35 bu. per 
acre), 465 bu. from the same area in 1934 (37 bu. per acre). In 1934, 
at the paddy-seed station of ‘Tamblagam, which is situated on good soil, 
the iietines high yields were obtained, without manuring, from a 
broadcasted crop: 3-months’ rice, 53:2 bu. per acre; 3}-months’ rice, 
71:3 bu. per acre. There is evidence from all over Ceylon that with 
good cultivation yields of 30 bu. per acre can be obtained without 
difficulty. 

Pests, diseases, weeds.—Insects are much more important than fungus 
diseases, but even the damage caused by insects is not extensive. In 
some areas, where bunds are low and irrigation-water is not issued at the 
right time, serious damage may be caused by the Swarming Caterpillar 
(Spodoptera mauritia). ‘The Paddy Fly (L eptocorisa varicornis) is univer- 
sal, but the damage caused is noticed only in small patches, which mature 
before or after the bulk of the crop, or in small areas of rice-land sur- 
rounded by extensive tracts of jungle and grassland. It is possible that 
the damage by Paddy Fly is more than is realized. ‘The stem-borer 
( Schoenobius bipunctifer) is also universal, but is not found in largenumbers, 
and the damage caused is slight. ‘Two pests of stored rice are the Paddy 
Moth (Sitotroga cereallela) and the Paddy Weevil (Calandra oryzae). 
The former attacks rice in the husk only. At Peradeniya the germination 
of rice in four months was reduced by 15 per cent. due to damage by 
— where otherwise stated, ‘rice’ in this paper means ‘rice in the husk’ or 
paddy’. 
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these two insects. Fungus diseases like Rhizoctonia solani and Sclerotium 
oryzae [15] cause, on the whole, little damage, but under certain con- 
ditions the latter may become serious. At Peradeniya, for example, the 
young plants of a foreign rice were almost completely destroyed by this 
disease. 

In the sparsely populated parts of Ceylon the far too numerous wild 
elephants and pig do considerable damage to the rice crop, and elephants 
occasionally kill cultivators watching their fields at night. Land crabs 
(Paratelphusa oziotelphusa hydrodromus) are found in large numbers in 
paddy fields in Ceylon. ‘They eat young plants and the seed-rate is | 
heavy to make up for this loss. Crabs live in burrows in the bunds and 
the most serious damage occurs in the terraced cultivation of hill-sides, 
where the burrows may form channels for the water impounded in the 
field. Not only is water lost, but the passage of the water weakens and 
in time destroys portions of the bund. Crabs can be trapped in earthen- 
ware pots whose diameter in the middle is much larger than the diameter 
of the mouth. The most effective way of catching them is by boys who 
can catch from 100 to 200 per day. On an area of about 5 acres at Perade- 
niya §5,925 crabs were caught in the course of one year. Except where 
breeding or fine experimental work is in progress, it is not considered 
economic to attempt to reduce the number of crabs by traps or by boys. 

Fimbristylis miliacea and several species of Cyperus are very common 
weeds on rice-fields and at times are present in such abundance that 
yields are greatly reduced. Panicum crus-galli is also common but not so 
serious. Good preliminary cultivation, together with shallow submer- 
gence of the fields as soon as the plants are about 3 in. high, increasing 
to 6 in. submergence as soon as the plants are about g in. high, will check 
or prevent weed-growth. Where water is not available for submergence 
in the early stages of the growth of the plant, weeding is advisable, but 
is seldom done outside the Kandian districts. 
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COMPARATIVE TRIALS OF CALCIUM CYANAMIDE AND 
OTHER NITROGENOUS FERTILIZERS ON ARABLE CROPS 


E. M. CROWTHER 


(Chemistry Department, Rothamsted Experimental Station, Harpenden, Herts.) 


IN a series of laboratory and pot-culture experiments with calcium cyan- 
amide [1, 2, 3, 4] briefly reviewed in an earlier paper in this Journal 
[5], it was shown that whereas cyanamide was decomposed to ammonia 
within a few days in normal soils, the nitrification of the ammonia in 
pot-culture experiments might suffer a delay of several days or weeks. 

On the assumption that the rate and extent of nitrification measure the 
availability of fertilizer nitrogen for plants, many earlier workers con- 
cluded from laboratory experiments that cyanamide would be a slowly 
acting or inefficient nitrogenous fertilizer on soils in which it delayed 
nitrification. It was shown [4], however, that in pot cultures on barley 
and mustard in a Millstone Grit soil, a prolonged delay in nitrification 
and accumulation of ammonia from cyanamide led to more rapid and 
better growth than was obtained from equivalent amounts of sulphate of 
ammonia. It was suggested that ammonia, when distributed uniformly 
throughout the soil, provides a more rapidly available source of nitrogen 
to plants than an equivalent amount of nitrate. 

Uniform distribution of ammonia cannot be obtained from field 
applications of sulphate of ammonia, for the ammonium ion is held by 
the soil colloids in an immobile form. Nitrate, on the other hand, is 
rapidly distributed by the movement of soil water and by diffusion, and 
its well-known rapidity of action undoubtedly depends on the speed 
with which it reaches the roots of plants. 

Apart from possible toxic effects, the essential differences in the 
behaviour of the common nitrogenous fertilizers in the field must depend 
primarily on their rates of production and distribution of ammonia and 
nitrate throughout the soil. The effects of different rates of diffusion and 
leaching cannot be deduced with any confidence from soils studied under 
laboratory and pot-culture conditions. Field experiments must provide 
the ultimate test of the behaviour of a fertilizer. 

A series of field experiments was therefore conducted over a period of 
years and at many centres throughout England, to compare the fertilizer 
value of calcium cyanamide against those of other common nitrogenous 
fertilizers. Most of the experiments were on spring crops which received 
their nitrogenous dressings shortly before the seeds were sown. A few 
experiments were also made at Rothamsted on autumn-sown cereals to 
test the possibility that inhibition of nitrification might be advantageous 
through minimizing winter losses by leaching. This paper summarizes 
the results and conclusions from a series of field experiments testing 
equivalent amounts of cyanamide, sulphate of ammonia, and other nitro- 
genous fertilizers under a variety of agricultural conditions at Rothamsted, 
Woburn, and a number of other centres during the seasons 1927 to 1932. 
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All of the experiments were designed so as to be capable of statistical 
examination, and only those differences in yield which are statistically 
significant are quoted in the text. Several of the experiments were of 
the complex pattern in which two or more groups of treatments were 
tested together in all combinations with the object of providing (1) a 
broad basis for the over-all comparisons, and (2) the possibility of 
detecting interactions between treatments. In most of the cereal experi- 
ments the nitrogen percentages on dry grain and straw were determined 
on samples from each plot. The full agricultural details and the yields are 
given in the Annual Reports of the Rothamsted Experimental Station. 


FIELD EXPERIMENTS ON SPRING CROPS 


Table 1 summarizes the yields and the nitrogen-contents of the grain 
and straw in four experiments on barley conducted at Rothamsted. The 
first three included both single and double dressings of the nitrogenous 
fertilizers; those of 1927 and 1928 provided directly comparable figures 
for each different rate of dressing, but in 1928 the single and double 
dressings were tested in separate, but adjacent experiments. Superphos- 
phate was tested in conjunction with the nitrogenous dressings in the 
first three seasons, and sulphate of potash in 1929, but, as there were no 
significant interactions between the nitrogenous and the mineral manures, 
the results presented here refer only to the means of the various mineral 
dressings. Samples of the barley grain were examined as a part of the 
Institute of Brewing Research Scheme, and the full analytical data have 
already been published in an appendix to the ‘Investigations on Barley— 
Report on the Ten Years of Experiments’ [6]. 

The grain yields on unmanured plots were low in the first two years 
and high in the last two years, but in every year there was a highly signifi- 
cant response to each one of the nitrogenous dressings. ‘The results 
therefore provide a good opportunity for comparing the effects of the 
different forms of nitrogen. 

The summary of significant results in Table 1 shows that cyanamide 
never gave definitely better results than any of the other nitrogenous 
fertilizers used. 

For single dressings, i.e. 1 cwt. of cyanamide or 0-2 cwt. nitrogen per 
acre, there was no significant difference in the yield of grain from the 
different forms in any year. In straw yield, cyanamide fell below sul- 
phate of ammonia once in four trials, and below nitrate of soda in the 
only trial made. 

With double dressings differences occurred more frequently. ‘Thus, 
in grain yield cyanamide fell below nitrate of soda in both tests made, 
below muriate of ammonia in two tests out of four, below urea in one 
test out of three, and below sulphate of ammonia in one test out of four. 
In straw yield cyanamide never differed significantly from sulphate of 
ammonia, but it fell below each of the other fertilizers in one or other of 
the experiments. 

Except in 1928 the nitrogen percentages on the dry grain were down 
to the level usual for malting barley. The single dressings of nitrogenous 
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fertilizer increased the nitrogen percentage of the grain only in the 
season 1928, when all nitrogen percentages were very high. All the 
double dressings increased the nitrogen percentage in the grain in 1927 
and 1928. Nitrate of soda, but not the other fertilizers, increased the 
nitrogen percentage in the two years in which it was tested, 1929 and 
1930. Earlier Rothamsted results showed that moderate nitrogenous 
dressings (1 cwt. sulphate of ammonia per acre) could be used to in- 
crease yield without incurring the risk of impairing the malting quality 
of the grain or of appreciably increasing the nitrogen-content of the 
grain. ‘These results confirm the earlier findings and show, in addition, 
that other fertilizers behave as sulphate of ammonia. Heavier dressings, 
especially of nitrate of soda, may, however, give more nitrogenous 
grain. 

The nitrogen-contents of the straw were high in 1927 and 1928 and 
low in 1929 and 1930. None of the fertilizers significantly increased the 
nitrogen percentage of the straw; indeed, in two seasons the straw 
grown without added nitrogen had a higher nitrogen percentage than 
the average of the straws grown with nitrogenous fertilizers. 

Although the analysis of samples from the individual plots is necessary 
where it is desired to establish the significance of effects on the composi- 
tion of crop, such detailed work is not necessary to determine the total 
nitrogen-content of the crop and the percentage recovery of the added 
nitrogen. The effects of treatment and the differences between replicates 
are so much smaller, relative to the mean, for nitrogen percentages than 
for yield that suitably taken samples could safely be bulked before 
analysis. In these experiments the nitrogen recovery varied from about 
nil to one-half. The differences between fertilizers were small by com- 
parison with the effects of season and soil irregularity. In general, 
nitrate of soda gave higher recoveries than the other fertilizers. 

It may be noted that in 1930 cyanamide gave significant increases in 
yields of grain and straw without increasing the total nitrogen-content 
of the crop. The paradox that a crop responded to a nutrient which it 
did not appear to absorb is an extreme illustration of an effect observed 
in the pot-culture experiments discussed in an earlier paper [4]. There, 
it was shown that during plant-growth the total amount of nitrogen 
present in the plant and in inorganic forms in the soil remained constant 
when a nitrogenous fertilizer had been applied, but increased slowly in 
soils without added nitrogen. In the field experiments barley could use 
the early supplies of available nitrogen from the fertilizers for increased 
carbohydrate synthesis. When no nitrogenous fertilizer was added, the 
extra available nitrogen produced from the soil organic matter at a late 
stage of growth would tend to maintain vegetative growth and give 
higher percentages of nitrogen in dry matter, especially in the straw. 
In the 1930 field experiment with barley, the extra early nitrogen from 
cyanamide, which was utilized for increasing the yield, was apparently 
equal in amount to the extra late nitrogen from the soil of the plots 
without nitrogenous fertilizers. 

The results of the Rothamsted barley experiments as a whole show 
no consistent differences between the fertilizers, though cyanamide 
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occasionally fell below one or other of the fertilizers witn which it was 
compared. The mean yields for the four years, weighted to allow for 
the rates of application, show little difference between sulphate of ammo- 
nia and cyanamide; muriate of ammonia was slightly superior to both. 

Attention must, however, be directed to one factor which may have 
operated to the detriment of cyanamide in these experiments and in 
many other comparisons recorded in the literature. Under the condi- 
tions of the English spring, it is difficult to obtain the desirable interval 
between applying cyanamide and sowing the barley crop in experimental 
work, though the practical difficulties are less acute in commercial 
farming. When the soil was prepared, the plots marked out, and the 
cyanamide applied, the farm staff considered it unsafe to incur the risk 
of a change of weather by delaying the application of the other fertilizers 
and the sowing of the barley for a few days or a week. In 1930 an attempt 
was made to overcome this experimental difficulty by applying the 
cyanamide three days after the barley was sown. It is possible that the 
relatively poor effects of cyanamide in this season may have been due 
to an inadequate or delayed distribution of the nitrate produced or to an 
adverse effect on the seedlings. Direct measurements on the rate and 
extent of germination showed, however, no significant effect. 


Barley Experiments at Other Centres 


In 1930 and 1931 five experiments were made on typical barley 
soils in Lincolnshire, Kent, and Hampshire. Each plot of a 4 x4 Latin 
square, on forms of nitrogen, was subdivided into quarters to test 
phosphate and potash effects, but there was no significant interaction 
between the forms of nitrogen and the mineral manuring. The results 
presented refer then only to the full plots. Three of the five experiments 
showed significant responses to one or more nitrogenous fertilizers in 
grain and all of them showed responses in straw. Cyanamide was signifi- 
cantly below nitrate of soda and sulphate of ammonia in both grain and 
straw, in one experiment, and below nitrate of soda in straw in one other. 
Nitrate of soda gave more nitrogenous grain and higher nitrogen re- 
coveries than the other fertilizers. These results (Table 2) are thus in 
general agreement with the Rothamsted experiments. 


Experiments on Root Crops 


In five out of eight experiments on potatoes there were significant 
responses to one fertilizer or to the average of all. Cyanamide fell below 
sulphate of ammonia in one experiment at Woburn, but in the same 
experiment there was no difference between sulphate of ammonia and 
cyanamide when both were used in conjunction with a small amount of 
nitrate of soda. 

In the five sugar-beet experiments roots responded significantly to 
nitrogenous fertilizers in four experiments, and tops in the four experi- 
ments where they were weighed. Cyanamide was significantly below nitrate 
of soda and sulphate of ammonia in yield of roots in one experiment, 
and below nitrate of soda in yield of tops in another (‘Table 3, p. 136). 
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TABLE 2. Field Experiments on Barley at Other Centres, 1930 and 1931 


44 Latin-squares (with plots subdivided to test phosphate and potash effects). 
The yields given refer to full plots only. All nitrogenous fertilizers supplied 0-2 cwt. 
of N per acre. 

Detailed yields are given in the Rothamsted Reports: 1930, pp. 158, 160; 1931, pp. 
168, 170, 172. 

Detailed analyses are given in the Barley Report: pp. 383-91, except for Sparsholt, 
1931. 


Cyana- | Sulph. | Nitrate | Stan- 


None mide |of amm.| of soda _ dard Significant 
oO Cy Ss N error differences 


Year Centre 


Yield of grain, cwt. per acre. 


1930 Wellingore . ‘ ‘ . | tery 15°6 16°4 16°4 0°58 N,S, Cy>O 

1930 Sparsholt. : ; | 3 13°5 13°8 15‘2 0-61 N>O 

1931 Wellingore . : ; . | 29°9 30°73 29°6 29°6 0°53 None 

1931 Sparsholt . : ; . | 16-4 17°2 17°8 17°2 0°50 None 

1931 Wye, Kent : : . | 204 21°9 23°5 | 24°5 "50 N, S>Cy>O 
Mean . . | 18:0 19°7 | 20-2 20°6 

Yield of straw, cwt. per acre | 

1930 Wellingore : | 11°5 17°6 19°2 19°0 0-62 N, S, Cy>O 

1930 Sparsholt - | 22°60 13°3 13°3 15°3 0°52 N>S, Cy, O 

1931 Wellingore - | 326 349 35°7 35°99 | 046 | N,S, Cy>O 

1931 Sparsholt ; - | 2a 28°3 29°2 29°6 1°02 Nitrogen >O 

1931 Wye . : : : . | 198 21-7 24°5 27°0 0°88 N, S>Cy, O 


Mean . 20°5 23°2 24°4 25°4 


Nitrogen, percentage of dry grain 








1930 Wellingore 1°44 1°42 1°40 Ist | 0-008 | N>O, Cy, S 

1930 Sparsholt 1°64 1°62 1°57 1°62 | 0°020 os 

1931 Wellingore 1°36 1°36 1°36 1°37 | 2-018 a 

1931 Sparsholt 1°52 1°56 1°57 1:66 0-043 | Nitrogen>O 

1931 Wye 1°40 1°42 1°39 1°47 | 0026 = 
Mean . : 1°47 1°48 1°46 1°53 

Percentage recovery of added nitrogen | 

in grain 

1930 Wellingore . ‘ ; , ar 32 36 48 

1930 Sparsholt. : : : ene 2 2 14 

1931 Wellingore . 5 : Pa err 2 2 I 

1931 Sparsholt . : . Sere 8 13 16 

1931 Wye . : : - . 10 18 32 
Mean . : ae a II 13 | 21 


Summary of Field Experiments on Spring-sown Crops 


There are many plausible methods of averaging the results of a group 
of miscellaneous agricultural experiments containing a common ques- 
tion. In the past the yields with one fertilizer were sometimes set as 
percentages of the yields with another and these percentages were 
averaged. Experiments with poor responses to both fertilizers thus 
pointed towards the equality of the fertilizers tested, though the equality 
was in fact produced through inefficiency. Sometimes the ratios of the 
increments due to fertilizers were averaged and small responses then 
received undue weight or required arbitrary exclusion. From a sufficient 
body of data the results might be weighted by the rates of the dressings, 
the magnitude of the general responses and the standard errors of the 
experiments and, in addition, grouped according to varying agricultural 
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conditions. For the data presented here it is sufficient to average the 
yields for each crop from experiments in which either sulphate of ammo- 
nia or cyanamide, or both, gave a significant response in yield. ‘This 
eliminates the unresponsive centres and also those with unduly high 
experimental errors. ‘Table 4 gives the results of 15 such experiments 
arranged in four groups. In each of these groups it happens that there 
is one experiment in which sulphate of ammonia gave significantly 
higher yields than cyanamide. 


TABLE 4. Mean Yields of Experiments in which Cyanamide and/or 
Sulphate of Ammonia gave significant Crop-increases 


Response to 
cyanamide as 


Number No Sulph. of |. of response 
Crop of expts. nitrogen |Cyanamide ammonia to sulph. amm. 
Barley (Rothamsted), cwt. 
grain per acre . ; 4 16°7 20°6 21°0 92 
Barley (other centres), 
cwt. grain per acre. 2 15°4 18:8 20°0 70 
Potatoes, tons peracre . 5 ok 8°5 8-9 78 
Sugar-beet, roots, tons 
per acre . , : 4 10°0 113 11°6 79 


In these experiments at responsive centres, the mean difference in 
yield between sulphate of ammonia and cyanamide varied only from 
2 to 6 per cent. of the mean yield. It is obvious therefore that the relative 
value of the two fertilizers cannot be estimated with any appreciable 
accuracy from such a restricted number of experiments. ‘The few 
significant differences established in individual experiments and the 
mean yields for each group of responsive centres show that cyanamide 
was, on the whole, less effective than sulphate of ammonia under the 
conditions represented by these experiments. It must, however, be 
remembered that all the experiments were for a single year, and there- 
fore included very little of those secondary effects on soil reaction and 
weed flora which may become important when one fertilizer is used 
repeatedly on the same land. A rotation experiment to examine possible 
cumulative effects of this type has recently been begun at Rothamsted. 


EXPERIMENTS ON AUTUMN-SOWN CEREALS AT ROTHAMSTED 


Although the autumn application of nitrogenous fertilizers to winter 
cereals has not become a general practice in this country, it has been 
suggested that a slowly acting fertilizer might have certain advantages 
for this purpose. If the leaching of nitrates during the winter months is 
a serious factor in soil fertility, then it is possible that materials known 
to be toxic to the nitrifying organisms might reduce this loss. A series 
of field experiments on winter oats and wheat was carried out at Rotham- 
sted in the years 1929 to 1932, with the object of securing information 
on the relative effects of autumn and spring dressings of cyanamide and 

3988-10 L 
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sulphate of ammonia under varying agricultural conditions. The results 
are not easy to interpret, but it must be remembered that the whole 
problem of manuring winter crops is necessarily much more complicated 
than that of spring-sown crops. In the latter the added nitrogen is 
made available shortly before the time when the crop makes its maxi- 
mum demand. With the former there is a long quiescent period; extra 
available nitrogen in autumn may even be disadvantageous, either by 
rendering the crop more susceptible to frost damage, by the well-known 
effect of high nutrient contents in restricting root-growth, or by affect- 
ing the competition between weeds and crop. Finally, with heavy crops 
the beneficial effects of the nitrogenous fertilizers may be offset by in- 
creased losses through lodging. 

Oats, 1928-9.—In the first experiment, sulphate of ammonia, cyan- 
amide, and both of these fertilizers, were tested in autumn and in spring 
in such a way that each autumn treatment occurred with each spring 
treatment, making 16 in all. It is thus possible to test the average 
overall effect of each dressing and to look for interactions between 
autumn and spring dressings. 


TABLE 5. Winter Oats, Rothamsted, 1928-9 
(Details in Rothamsted Report, 1929, p. 93) 

Three blocks of 16 plots testing all combinations of sulphate of ammonia (S) versus 
none, cyanamide (Cy) versus none, autumn versus spring applications. Each single 
dressing supplied 0-16 cwt. nitrogen per acre. Autumn dressings on September 14 
(Cy) and September 24 (S). Spring dressings on March 18 (Cy) and 1g (S). 


Grain, cwt. per acre Straw, cwt. per acre 
Spring dressings Spring dressings 

None Ss Cy S+Cy! Mean None | S | Cy |!S+Cy| Mean 
(None . ‘ 14°2 12°8 | 13°99 | 10°71 12°7 | 2a°5 | 23°1 | 26°0 | 23°7 | 23°8 
Autumn })S . : ; 14°1 11-8 | 13°9 | 10°5 | 12°5 | 23°38 | 25°09 | 27°3 | 25° | 25°5 
dressings oe : . | 130 | 13°4 | 159 | 12°7 | 13°7 | 21-2 | 28:2 | 26°6 | 26-5 | 25-6 
+Cy . . | 136 | 13°4 | 12°83 | 14°1 13°5 | 24:9 | 285 | 26°6 | 28-7 | 27:2 
Mean . - | 13°79 | 12°38 | wat 11-8 | 13° | 23°1 26-4 | | 26°6 | 26:0 | 25°5 


Standard error of single values: 0°84 for grain; 1°16 for straw. Mean nitrogen per- 
centage of dry matter: 1°73 for grain; 0-25 for straw. 


In grain, the spring applications especially of sulphate of ammonia, 
reduced the yields, except on plots which had received cyanamide in the 
autumn. In straw, each of the single dressings, whether in autumn or 
in spring, increased the yield, but there was no additional response to 
the double dressing at either season. The response of straw yield to 
spring sulphate of ammonia was greater on the plots which had received 
cyanamide in the autumn. This positive interaction between autumn 
cyanamide and spring ammonium sulphate in both grain and straw 
yields is not easy to interpret. The oats were unusually weedy, and it 
may have been that autumn cyanamide checked some of the weeds and 
enabled the oats to respond better to the spring sulphate of ammonia. 
Comparison of the yields by the sampling technique with the total yields 
for the full plots showed that discrepancies due to weeds in the straw 
were greater on the sulphate of ammonia plots than on the cyanamide 


plots [7]. 
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The nitrogen percentages of the grain and the straw were determined 
for each plot, but there were no significant effects. 

Winter Wheat, 1929-30.—Since dicyanodiamide is known [1, 2] to 
decompose slowly in the soil and to be toxic to nitrifying organisms, it 
might serve to reduce losses of nitrate by winter leaching. A direct test 
on the effects of an autumn dressing of dicyanodiamide (prepared by the 
method described in an earlier paper [8]) was combined with a compari- 
son of autumn and spring dressings of cyanamide and sulphate of ammo- 
nia. In this experiment there were no plots without added nitrogen. 
Half the plots were grazed by sheep for a day in late spring. This 
treatment significantly reduced the grain and straw yields and increased 
the nitrogen percentages of the grain, without giving significant inter- 
actions with any of the other treatments. The differences in yield between 


TABLE 6. Winter Wheat, Rothamsted, 1929-30 
(Details in Rothamsted Report, 1930, p. 140) 


Three blocks of 16 plots, each of 1-60th acre, on wheat sown on October 22, 1929, 
testing all combinations of autumn versus spring dressings, sulphate of ammonia (S) 
versus cyanamide (Cy) (each supplying 0-3 cwt. of nitrogen per acre), autumn dicyano- 
diamide (dicy. supplying 0-2 cwt. extra nitrogen per acre) versus no extra nitrogen, 
and grazing versus no grazing. Autumn dressings applied on October 15 (Cy and 
dicy.) and on October 22 (S). Spring dressings on April 15. Grazing by sheep on 
May 9g. 


Yield of grain, cwt. per acre Yield of straw, cwt. per acre 

Autumn Spring Autumn Spring 
S Cy Ss Cy | Mean Ss Cy Ss Cy | Mean 
Without grazing . : 16°1 16-6 | 13°9 | 14°5 r5°3 | 27°9 | 27°0 | 27°4 | 28:0 | 276 
Without grazing-+dicy. . 15'2 17°6 16-2 15°5 16-1 28:4 | 30°O | 31°3 | 27°4 | 29°3 
With grazing : ; I1'5 13° | I9°a | 09°35 | E27 | BO | aga | 220 | 2e9 | sae 
With grazing + dicy. - | 13°§ | 16°5 | 14:0 | 13°71 | 14°3 | 25°3 | 29°3 | 24°3 | 22°9 | 25°4 
Mean . . | 141 | 1§°6 | 14-1 | 14°6 | 14°6 | 25°6 | 27°4 | 26:0 | 25°6 | 26-2 


Standard errors for single values: grain, 1°75; straw, 1°73. 


Nitrogen, per cent. of dry grain Nitrogen, per cent. of dry straw 
Autumn Spring Autumn Spring 
Ss Cy S Cy | Mean Ss Cy S | Cy | Mean 
Without grazing . , 1°93 1°90 | 1'90—s-1'8Q 1°90 0°34 0°33, |:0°30 | 0°33 | 0°32 
Without grazing+dicy. . 1°94 | 1°90 | 1°92 | 1°90 | 1°92 | 0°30 | 0°33 | 0°33 | 0°31 | 0°32 
With grazing ; - | 200 | FO7 | F058 | I°Or 1°96 §=60°39_ |-s «0°36 | 0°34 | 0°30 «900355 
With grazing + dicy. - 2°03 | 1°88 | 1°98 . 1°94 | 1°96 0°35 | 0°30 | 0°35 | 0°35 | 0°34 
Mean . - | 398 | ror | 194 | TOT | 1°93 | 0°34 | 0°33 | 0°33 | 0°34 | 0°33 


Standard errors for single values: grain, 0028; straw, 0°023. 


autumn and spring dressings and between cyanamide and sulphate 
of ammonia were insignificant in grain and straw yield. Sulphate of 
ammonia gave slightly more nitrogenous grain. Dicyanodiamide in- 
creased the yields significantly for straw, but insignificantly for grain, 
and had no effect on the nitrogen percentages. 

Wheat, 1930—-1.—In order to test whether a steady supply of available 
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nitrogen had any advantage over the usual spring top-dressings, an 
experiment was made on winter wheat with constant total amounts of 
both sulphate of ammonia and cyanamide, divided between two spring 
dressings and between eight monthly dressings from October to May. 
Such divided dressings form the basis of the so-called Gilbertini system 
of manuring. 


TaBLe 7. Winter Wheat, Rothamsted, 1930-1 
(Details in Rothamsted Report, 1931, p. 147) 


5 <5 Latin square to test dressings of sulphate of ammonia (S) and cyanamide 
(Cy) given in spring (March 20 and May 1), and divided between eight monthly 
dressings from end of October to end of May. Total application at the rate of 0-4 
cwt. nitrogen per acre. 


Divided dressings | Spring dressings 
No f 1g. 


Nitrogen S Cy S Cy S.E. 
Grain, cwt. per acre , 15°6 20°2 15°7 18-9 20°5 0°69 
Straw, cwt. per acre ‘ 299 | 39°2 31°8 37°6 39°4 1°39 


Sulphate of ammonia gave similar increases in yield in the spring and 
in the divided winter and spring dressings. Spring cyanamide was as 
effective as spring sulphate of ammonia, but the eight repeated dressings 
of cyanamide failed to increase the yield above the unmanured level. 
Apparently, the cumulative effects of repeated slight checks completely 
offset the benefit from the cyanamide nitrogen. 

Wheat, 1931-2 (large experiment).—Wheat following a 4 4 Latin- 
square experiment on clover versus clover-ryegrass hay, each with 
bastard fallow versus a second hay-crop, was used to test autumn and 
spring dressings of sulphate of ammonia and cyanamide. Each of the 
16 plots was divided into quarters for no nitrogen, autumn dressing, 
spring dressing, and both, and each of the quarters with fertilizer was 
halved again to compare cyanamide against sulphate of ammonia. This 
method of repeated splitting of plots did not prove satisfactory. It gave 
good accuracy for the over-all comparison of the two fertilizers in the 
64 pairs of adjacent plots, but it allowed the possibility that certain 
effects of soil irregularity might appear in the results as highly compli- 
cated interactions between treatments. One of the highest-order inter- 
actions appeared statistically significant, but, as the main effects were 
small, no attempt will be made to state and interpret this isolated result. 
The results are given in Table 8 as the means and the differences for 
the two forms of nitrogen applied at different times. 

The autumn dressings depressed the yields of grain but not of straw. 
The spring dressings had no effect on grain but increased the yield of 
straw. The nitrogenous fertilizers increased the nitrogen percentages in 
grain and straw. Cyanamide gave significantly higher grain yields than 
sulphate of ammonia, i.e. it caused smaller depressions. 

The yields throughout the experiment were so high that little response 
to nitrogen was to be expected, but it is not clear why autumn sulphate 
of ammonia should reduce the yield of grain. The nitrogen recovered 
from the fertilizers remained in the straw. 
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TaBLeE 8. Winter Wheat, Rothamsted, 1931-2 
(Details in Rothamsted Report, 1932, pp. 34, 142) 


Sixteen plots divided into quarters for time of nitrogenous dressings and into eighths 
for sulphate of ammonia and cyanamide. 

Each single dressing supplied 0-3 cwt. nitrogen per acre. 

Autumn applications were made on October 29, 1931, and spring applications on 
March 24, 1932. Wheat was sown on October 31, 1931. 





Autumn | Stan- 
and dard 
Time of application None | Autumn Spring | Spring error 
Minin d nitrogenous dressings : | 
Grain, cwt. per acre : : ~ are 26°3 27°8 25°8 0°56 
Straw, cwt. per acre. « | aay 49°6 54°2 “2:2 b arere) 
Nitrogen, percentage of dry grain ; 1°93 2°01 1-98 2°05 0007 
Nitrogen, percentage of dry straw 0°49 0-60 0°58 0°67 0'023 
Percentage recovery of added nitro- 
gen in grain-+ straw. a 15 25 15 
Extra yield from cyanamide over that 
from sulphate of ammonia: 
Grain, cwt. per acre. : . +08 --E2 ig 0°44 
Straw, cwt. per acre. : ee +07 —8G —0'3 0°62 





Wheat, 1931-2 (small experiment).—A supplementary experiment was 
conducted in 1931-2 to obtain further evidence on two questions tested 
in the preceding years. No nitrogen, spring sulphate of ammonia and 
autumn cyanamide were taken as standard treatments against which to 
compare divided dressings of sulphate of ammonia (6 monthly dressings), 
and a mixture of dicyanodiamide and cyanamide, each supplying one- 
half of the standard amount of nitrogen. This comparison is more 
direct than that on dicyanodiamide in the 1929-30 experiment, for here 
it is compared against an equivalent amount of cyanamide. ‘The mixture 
approximates to that which could readily be obtained in practice by 
mixing cyanamide with superphosphate [3]. 

The wheat yield on the untreated plots was only two-thirds of that 
in the large experiment on an adjoining field. Each nitrogenous dressing 
gave a large and highly significant increase in both grain and straw. 
The mixture of dicyanodiamide and cyanamide applied in autumn gave 
significantly higher yields of grain than any of the other three nitrogenous 
dressings. It gave significantly higher yields of straw than the autumn 
cyanamide or the spring sulphate. As in the 1930-31 experiment, there 
was no difference between a single spring dressing of sulphate of ammo- 
nia and the repeated divided dressings throughout winter and spring. 

It will be noted that, although there was a high recovery of the added 
nitrogen, the nitrogen percentages in grain and straw were not appre- 
ciably affected by the fertilizer, except that spring sulphate of ammonia 
increased the nitrogen percentage of the straw. It is noteworthy that in an 
experiment with efficient utilization of the added nitrogen the dicyano- 
diamide-cyanamide mixture gave the best results. 
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TaBLeE 9. Wheat, Rothamsted, 1931-2 
(Details in Rothamsted Report 1932, p. 147) 


Comparison of sulphate of ammonia in spring (March 15) and in six monthly 
dressings from November 24 to April 16, against cyanamide applied in autumn 
(October 28, 1931) and a mixture of cyanamide and dicyanodiamide supplying equal 
amounts of nitrogen applied in autumn (October 28, 1931). 

Each treatment supplied, in all, 0-3 cwt. nitrogen per acre. 

Form of experiment, 5 < 5 Latin square. 


Percentage recovery 


v, . MJ TO yO 
Grain | Straw N % | N % of added nitrogen 
cut. cut. in in . 
per per dry dry in grain 
Treatment Time acre | acre grain. straw in grain and straw 
NoN ; : P as 18-9 | 23°2 | 1°92 | 0°48 ms nS 
S. Amm. . ‘ . Spring | 23-4 | 30°6 | 1-91 | 0°56 21 a7 
S. Amm.. ‘ . Divided| 24:2 | 33°0 | 1°93 | 0°48 . 26 38 
Cyanamide ‘ . Autumn! 24°6 | 31°3 | 1°93 | 0°48 28 39 
4N as Cyanamide + §N 
as Dicyanodiamide Autumn) 26°6 | 34:9 | 1°89 0°47 35 49 
Standard error ‘ 066, 1°02 0-021 ap 


Summary of Results on Autumn-sown Crops 


The winter cereal experiments at Rothamsted from 1929 to 1932 show 
no such simple and consistent picture as the spring barley experiments 
in the same fields. Barley invariably gave highly significant responses to 
the nitrogenous fertilizers, but winter wheat and oats sometimes failed 
to respond to added nitrogen or were even reduced in yield. In two 
experiments (oats 1929, and wheat 1930) there was no appreciable 
difference between the effects of autumn and spring dressings of nitro- 
gen, and in two others (wheat 1931 and 1932) there was no advantage 
in a series of small, repeated winter and spring dressings of sulphate of 
ammonia over an equal total amount applied in spring. There was no 
clearly defined or consistent difference between sulphate of ammonia 
and cyanamide applied in single dressings either in autumn or spring. 
Twice sulphate of ammonia slightly depressed the grain yield and cyan- 
amide had no effect. In the more norfnal experiments, where both forms 
of nitrogen increased the yield, there was no significant difference 
between the two forms. 

Several of the experiments were planned on the assumption that 
considerable amounts of nitrate might be lost by winter leaching, and 
that cyanamide and dicyanodiamide might reduce this loss by checking 
nitrification. Since there was little difference between spring and autumn 
dressings, and between spring and repeated dressings in winter and 
spring, it would seem that loss of nitrate by winter leaching was not a 
major factor in determining crop yield in these experiments. It would 
also appear that an early supply of nitrogen offers no special advantage 
to the winter cereal, which is probably too small during the winter 
to utilize any appreciable fraction of the nitrogen added in autumn 
dressings. The results of these experiments are in harmony with the 
conclusion derived from subsequent experiments and from the results 
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of the Broadbalk experiments that, in the heavy Rothamsted soil, much 
of the nitrate leached out of the surface soil is stored in the subsoil and 
remains available to wheat, except when the spring and summer are 
very wet. 

The distribution of nitrate throughout the subsoil must depend on the 
relationship of the rate of nitrification to the rainfall conditions. Since 
the Rothamsted soil nitrifies rapidly, the slight delay in nitrification from 
cyanamide was too small to have any appreciable effect, but that from 
the more stable dicyanodiamide was apparently sufficient to influence 
the distribution of nitrate in the following spring. The total effect on soil 
nitrate of the added fertilizers was probably quite small by comparison 
with the effects due to previous cropping and weather conditions. 

Although autumn dressings may be as effective as spring dressings on 
winter cereals, there is sometimes little response to either; the spring 
top dressings provide the obvious practical advantage that in spring it is 
possible to decide from the state of the crop whether or not extra nitrogen 
is needed. 

Much more field experimentation will be required before the nitro- 
genous manuring of winter crops grown in normal rotations can be 
treated with as much confidence as is possible for spring crops. Mixtures 
containing dicyanodiamide merit further examination under conditions 
where nitrification is slower or winter leaching more complete than in 
the Rothamsted soils. 


Summary 


1. In a series of 22 field trials at Rothamsted and other centres on 
spring crops—barley, potatoes, and sugar-beet—calcium cyanamide and 
ammonium sulphate gave similar yield increases in 11 of the 15 experi- 
ments in which there were significant responses to added nitrogen, and 
calcium cyanamide was less efficient than ammonium sulphate in the 
other four. 

2. In five experiments at Rothamsted on winter cereals there was no 
clear difference between autumn and spring dressings of nitrogenous 
fertilizers or between calcium cyanamide and ammonium sulphate, 
except with repeated small applications during winter and spring, when 
calctum cyanamide was worse than sulphate of ammonia. Autumn 
dressings of dicyanodiamide, either alone or mixed with calcium cyana- 
mide, gave good results on winter wheat. 
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A COMPARISON OF THE FEEDING-VALUES OF GRASS 
ENSILED BY THE A.I.V.-PROCESS AND A RATION CON- 
TAINING MANGOLDS AND HAY 


J. B. E. PATTERSON 
(Research Laboratory, Dartington Hall, Ltd., Totnes, S. Devon.) 


Tuis trial was carried out at the Old Parsonage Farm of Dartington 
Hall, Ltd., Totnes, S. Devon, and forms one of a series of A.I.V.-fodder 
trials sponsored by Imperial Chemical Industries, Ltd. 

On September 15 and 16, 1932, about 10 tons of grass aftermath were 
ensiled. ‘The herbage was chiefly cocksfoot and timothy containing small 
proportions of clover, perennial rye-grass, and members of the Poa 
family. It was mature and inclined to be stemmy. 

The silo was a circular wooden pit, g ft. 9 in. diameter and 5 ft. 
high, sunk into the ground 1 ft. 6 in. with the sides banked with earth. 
It was not possible to sink the silo further owing to springs and 
downhill drainage-water which might seep into the pit. A catchpit 
filled with stones was dug in the centre and from it tile drains were 
laid to the hedge in order to carry off effluent in the early stages of 
compression. 

The weather was dry and dull with sunny intervals, and the grass 
when cut had a normal moisture-content of 21-07 per cent. It was forked 
into the silo and the acid (standard A.I.V.-solution, consisting of a mix- 
ture of hydrochloric and sulphuric acids of 2N strength) was sprayed 
on continuously with a semi-rotary pump, at the rate of 20 gallons per 
ton. Composite samples of grass were taken during the two days of 
filling. When the wooden silo was filled, an over-silo of the same 
diameter and 6 ft. 6 in. high was put on and charging was continued 
until it was full. The top layers were sprayed with ‘Homesurma’ to 
inhibit mould, and a layer of nitro-chalk bags was laid over them. On 
these were placed a 4-inch layer of wet sawdust, followed by a loose 
cover of flat wooden boards, more sawdust, and finally 34 tons of rock. 
The drain-opening was stopped up temporarily with a piece of sacking, 
which was removed after four days. ‘There was a free flow of dark brown 
liquid for two or three days, and the drain was again closed after this 
had ceased. Analytical figures are given below. 

The fodder had sunk below the level of the upper section by Septem- 
‘ber 29, and this was removed and the top of the silo banked over with 
earth. 

On November 22 the silo was opened. There were slight traces of 
mould at the sides and the top inch-layer of fodder was blackened and 
unusable. The colour of the bulk was brownish-green and the smell 
sharp and pleasant. The quality was even throughout the mass. The 
pH value was 3:5. Samples were taken for analysis at intervals during 
the emptying of the silo and the results are given in Table 1 together 
with the analyses of the original grass. 
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It will be noted that the ratio of digestible protein to crude protein, 
both in the original grass and the resulting A.I.V.-fodder, is very low 
and that the percentage of fibre is high. ‘This is due to the maturity 
of the grass. A slight loss of crude protein has taken place in the lower 
part of the silo, but the ratio of true and crude protein has not been 
altered. The percentage of fibre in the A.I.V.-fodder is slightly greater 
than in the grass. There has been a loss of ash constituents by drainage 
from the lower part of the silo, though the volume of effluent was not 
great. 


TABLE I 
A.I.V.-fodder 
Grass Date of sampling 
Sample Sample| Aver- Aver- 
I 2 age 22/11/32 | 29/12/32 | 17/1/33 | 27/1/33 age 
Crude protein ; . | 33°75 | 33°tS | 134s 13°33 13°26 12°41 12°03 12°76 
True protein (Stutzer) . | 10°31 10°94 | 10°63 10°97 9°31 11°16 10°00 10°36 
Pepsin-HClsoluble protein | 4°94 4°97 4°96 5°27 5°97 7°73 5°94 6°23 
Ratio of true protein to 
crude protein : : o'75 083 °'79 082 0"70 090 0°83 o-81 
Ratio of digestible protein 
to crude protein . . 0°359 | 0379 =©0°369 0°395 0°450 0°623 0°494 o'4g1 
Ash er. . P ; 9°23 8-64 8-94 8-77 9°61 668 | 7°13 8-05 
Phosphoric acid P,O, ' 0°63 0°59 0-61 0°53 0°58 0°39 0°35 0-46 
Fibre. , ; - | 27°63 | 28-46 | 28-05 29°00 27°34 29°46 41°S7 29°34 
CaO , ; . ; 1°05 0°94 1-00 0°93 0°94 0:85 0°65 0°84 
Ether extract . : . 4°07 4°20 4°14 4°22 3°71 4°31 3°70 3°48 
Moisture : ’ - | 77:08 | 80°77 | 78°93 79°58 81-86 86-21 81°75 82°34 
Dry matter. : . | 22°92 | 19°23 | 21°07 20°45 18-14 13°79 18:25 17°66 
pH . - x . ae ws = 3°97 ‘ie ss 35 


Virtanen [1] gives the following figures for protein in timothy grass 
and A.I.V.-fodder made from it: 


Crude | 
protein | True Ratio of 
Dry in D.M. | protein true to crude 
| matter % % protein 
Fresh grass. ‘ 21°8 14'8 12°4 0°84 
A.1.V.-fodder . : 210 14°6 | 12'0 082 


These figures are the average of determinations on six samples of 
fresh grass and on twelve samples of silage, and are for pure strains of 
grass, whereas the timothy grass used here was in a mixed herbage. 
It will be seen that the moisture losses were less than in the experiment 
carried out here, and that the percentages of crude and true protein 
were considerably higher, which is no doubt accounted for by the 
stemminess of our grass. On the other hand the ratio of true to crude 
protein has been maintained at the same level. 

A sample of effluent from the silo was taken and contained nitrogen 
equivalent to 0-41 per cent. crude protein, which agrees with the figure 
given by Virtanen [2] for clover silage. Watson [3] obtained a mean 
figure of 2-15 per cent. for the drainage liquid from young grass ensiled 
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in the ordinary manner, whereas Boyle and Ryan [4] found 1-6 per cent. 
Unfortunately, no measure of the amount of liquid flowing was obtained, 
so that the above figures are not strictly comparable and no estimation 
of the actual weights of protein lost can be made. 

The claims which have been made on behalf of A.I.V.-fodder have 
to some extent been investigated under experimental conditions in Great 
Britain with regard both to the preservation of the essential food-value 
of the herbage and also the palatability and feeding qualities for dairy 
cattle. The present investigation was undertaken in order to extend the 
scope of a series of further experiments undertaken by Imperial Chemical 
Industries, Ltd. to practical farming conditions, with the maximum of 
scientific control. 

It cannot be too strongly emphasized that in work upon dairy cattle 
it is impossible to obtain at one and the same time the strict statistical 
design which is scientifically desirable together with the practical farm- 
ing conditions which alone can answer the question of the suitability 
of the method for application to the industry. Without the former the 
pure scientist will be unconvinced by the result, whilst the most carefully 
designed investigation which interferes with farming practice will fail 
to convince the working farmer. 

A few points in the present feeding-trial are worthy of note as illus- 
trating this point. ‘The number of cows that could be used was limited 
to the herd of 55, which, as in most dairy herds, contained few full sisters, 
since the average number of lactations is rather under four, producing 
usually a total of two heifer calves. These sister cows would of course 
never be in the same lactation-period. If cows of a similar type which 
are half-sisters or unrelated are taken, it is extremely difficult to match 
two beasts at the same stage of lactation without keeping the cows dry 
for a period in order to get them into calf at the same time, a proceeding 
which would not be sound farming practice and which would un- 
doubtedly vitiate the result in the eyes of the farmer. It would also 
affect the scientific accuracy of the experiment owing to the fact that 
little is known of the accumulation of reserves in a cow during a dry 
period. It is hardly necessary to point gut that to match cows in different 
parts of the lactation-period is extremely unsound. Finally, in order 
to match pairs of cows, arrangements must be made long in advance— 
the difficulty of which is well known to any one familiar with the manage- 
ment of a dairy herd—in order that they may become accustomed to 
adjacent stalls. The drop in milk-yield following a complete reshuffling 
of the herd immediately prior to the experimental period would be 
sufficient to wreck the experiment completely. 

It was decided, therefore, that to attempt to claim the use of similar 
pairs of cows in the experiment would be unjust and misleading. Instead, 
one row of the four in the cow-house, each containing 13-15 representa- 
tive beasts, was selected by the farmer, and the feeding-trial was carried 
out with an experimental gioup on the period-reversal system in Decem- 
ber, 1932, and January and February, 1933. The cows had been indoors 
since October and had not been moved from their stalls. The breed 
was pedigree Dairy South Devon. 
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The cows covered a wide range of ages and periods in lactation, and 
all had been in milk at least one month before the trial began. The 
cows were weighed before the first period and at the end of the first 
and each succeeding period. Milk records were kept for each cow 
weekly, and determinations of the butter-fat content of the milk were 
made. During the last week of each period butter was made from the 
bulked milk and the yellow colour determined by the Lovibond tinto- 
meter. 

Before the feeding-trial began three cows, not included in the experi- 
mental group, were fed for several days w ith A.I.V.-fodder to ensure 
that no taint could be communicated to the milk. 

Each period of the trial was five weeks long, and during the first and 
third periods each cow received a normal winter ration of hay, mangolds, 
and concentrates as fed to the whole herd. During the second period 
the mangolds and part of the hay were replaced by A.I.V.-fodder. 
Assuming a starch equivalent for the fodder of 10 per cent., and a 
protein equivalent of 1-04 per cent., 40 lb. of A.I.V.-fodder replaced 
40 lb. roots and 5 lb. hay. Thus: 


Dry Starch Digestible . 
matter equivalent protein 
Ib. 
40 lb. A.I.V.-fodder 8-00 4°0 0°42 
40 lb. Mangolds . ; 5°28 2°80 o'16 
s lb. Hay . ‘ ‘ 4°30 1°55 0°23 
Total . : : 9°58 4°35 0°39 











It was unfortunate that the low digestible-protein value made it im- 
possible to replace any of the concentrates. 

The maintenance ration for a South Devon dairy cow weighing about 
1,400 lb. is 7-6 lb. starch equivalent, plus 0-86 lb. protein equivalent. 
Hay was fed in addition on a reducing scale according to the milk yield, 
from 25 lb. for a 2- and 3-gallon cow to 5 lb. for a 7-gallon cow. Typical 
rations for a 3-gallon cow are given in Table 2. 


TABLE 2 

Periods 1 and 3 7 Period 2 oe 7 
Weight | D.M. | S.E. | PE. | Weight | D.M. | S.E. | P.E. 

lb. | Ib. | Ib. | Mb. Ib. Ib. Ib. |b. 
Hay ; ; 21 | 1&0 | 651 | 097 16 | I4°0 | 4:96 | 0°73 
Mangolds : 40 | 5°3 280 | o16 nn a a 
A.1.V.-fodder . oe e | 40 10°0 4°00 | 0°42 
Concentrates . 22 «| 10° 8 8: 28 2 ‘04 12 | 10°8 8-28 2°04 
Total . ‘ 73 | 34°1 | 17 59 | 3°17 | 68 | 34:8 17°24 | 3°19 
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Kernelin 


Bran 


Maize meal 
Bean meal 


Decorticated 


ground-nuts 


Crushed oats 


Total 
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The composition of the concentrates is as follows: 


Ib. 


NWNN 


HN 


12 


D.M. 
Ib. 


1°80 
1°74 
2°61 
I-71 
1°79 
0°87 


10°52 


Of this mixture is fed per gallon: 


Ib. 
4 


| DM. 


lb. 
3°6 


lb. 


| SLE. 
| 
| 2°76 


S.E. 
lb. 
160 
0°84 
2°43 
1°32 
1°46 
060 


8:25 


| PE. 
lb. 


0°68 





PE. 
Ib. 


0°40 
0°20 
0°20 
0°40 


082 
0:08 


The younger cows took to the silage readily and ate with relish, but 
the older ones needed much persuasion and were never greatly interested. 
There was no scouring. 

Milk yields were recorded weekly with the rest of the herd. Table 3 
gives the calculated average weekly yields per cow and average rate of 


fall. 


Period 


Transition 


Transition 


II 


Transition 


Ill 


Week 


- 


OO OI AlNswWDN 


— 


— 
al 


12 
13 
14 
15 
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TABLE 3 


Average weekly yield 


ALV. 


233°4 


221°4 
222°5 
211°7 
202°7 
179°0 
183°7 
179°7 
182:0 
174°2 
168°8 


165°2 
149°3 
149°6 
1512 


in lb. per cow 


Differ- 
Rest ence 
it at 55°7 
173°9 47°5 
yo ar 50°8 
162°6 39°1 
158-0 44°7 
143°7 25°3 
149°3 34°4 
1433 | 35°9 
136°8 45°2 
129°8 44°4 
125°7 43°1 
123°9 | 413 
121°! 28°2 
118°3 '31°3 
1136 | 37°6 


Average rate of fall in lb. 
per cow per week 


A.V. 
—12'0 
+11 | Mean 
=i0°8 | = 7°7 
—g°0) 
~23°7 
+47) 
—4'0 | Mean 
+23) — 24 
—7°8 
~5°4 
—15°9 | Mean 
+03 | —4°4 
+39 


Rest 

a -3°8 
— 2:2 | Mean 
—g:1 f —4°9 
—4°6) 

14°3 
+5°6 
—5°5 | Mean 
—70f —3°5 
Fe) 

~~s 
— 1-8) 

—2°8 | Mean 
—2°8 [— se 
sha) 


These results are also given in graphical form, together with the mean 
temperature for the corresponding week (Fig. 1). 
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Fic. 1. Average weekly yield of milk per cow of cows fed on hay, mangolds, and 
concentrates, and of cows fed on a ration in which A.I.V. fodder partly replaced hay 
and mangolds. Average weekly shade temperatures during the trial. 


It will be seen that there was a sudden decrease in the milk-yield on 
changing over to the A.I.V.-fodder. This was, no doubt, due to the 
unusual nature of the ration but the change also coincided with a sudden 
spell of very cold weather. During the actual period when A.I.V.-fodder 
was given the mean rate of fall was much less, and steadier, than during 
the first or the third period. 

The decrease in milk-yield of the control group during the transition 
period was not as great as in the experimental group of cows. The cold 
spell evidently had a considerable share in the drop in yield of the 
experimental group, which was therefore only partly due to the change 
over to the A.I.V.-fodder. Further, the average rate of change during 
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weeks 7 and 8 was in the same direction over the whole herd and of the 
same order. 


The total average yields per cow during the trial for each of the four- 
week periods is given in Table 4. 





TABLE 4 
Total average yield (lb.) 
Period A.I.V.-group | Control-group 

TE : ‘ ; : 858-3 666-2 
Pes : . ‘ . 719°6 536°1 
III ‘ - ‘ F 615°3 470°5 
Mean I and III ; ‘ 736°8 568-4 
Difference from II . P 17°2 323 
Equivalent to, per day. 06 12 





This estimated drop in yield during the A.I.V. feeding-period is 2-4 
per cent. for the experimental group and 6 per cent. for the control 
group. It is not certain whether this is within the limits of experimental 
error and therefore no conclusion is drawn from it. It is unfortunate 
that the amount of silage made was insufficient for a longer feeding- 
trial, so that the transition periods could have been longer than a week. 

Determinations of percentage butter-fat were made weekly. Table 5 
shows the average yield of butter-fat per cow and the average fat-content 
of the milk for each of the three periods. It will be seen that there was 
a slight but not significant increase in the fat-content of the milk when 
the cows were fed on A.I.V.-fodder. 


TABLE 5 
Average yield of Average fat- 
butter-fat per cow | content of milk 
Ib. % 
Period I. . ‘ 36°93 4°302 
a ae ; 4 31°21 4°337 
» Ill. es 
Average of periods I ¥ | 
and III . , ‘ 31°45 4°267 





Samples of butter were made from mixed milk of the group at the 
end of each feeding-period and the yellow colour was estimated by the 
Lovibond tintometer [5]. The yellow colour during the A.I.V.-fodder 
feeding-period was more than double that in either of the other two 
periods. The butter produced during these control periods was the 
typical colourless produce of winter months: 


Lovibond 
Period | yellow units 
I 4'0 
II 8-4 


Ill 2°8 
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The consistency of the butter was also improved. 

It has been shown [6] that the intensity of the yellow colour of butter 
is closely correlated with the vitamin-A content for Shorthorn cows, 
and it is likely that this parallelism applies also to the South Devon 
breed. 

Spectroscopic determinations of vitamin A, carotene, and xanthophyll 
were made at Liverpool by Prof. I. M. Heilbron [7] and showed that 
these values were proportional to the yellow colour of the butter. 

The cows’ were weighed at the beginning of the trial and at the end 
of the feeding-period. ‘Table 6 gives the mean weights per cow. 


TABLE 6 
Pre-trial End of End of End of 
period period I period II period III 
cwt. qr. lb. | cwt. qr. Ib. cwt. qr. lb. ewt. qr. Ib. 
Average weight per cow 14 0 26 i= Oo fF 1% FF xS Iz 2 26 





It will be seen that the average loss in weight of 1 cwt. per cow during 
period I was made up when A.1.V.-fodder was fed in period IT, although 
the weight of dry matter in 40 lb. A.I.V.-fodder was 7 lb., as against 
g} lb. dry matter in 40 lb. mangolds and 5 Ib. hay. The digestible protein 
in the A.I.V.-fodder was only slightly greater then that of the mangolds 
and hay, and therefore the increase in weight in period II cannot be 
accounted for by any increase in weight of nutrient supplied. 

It is suggested that that part of the fall in milk-yield, which could not 
be accounted for by the sudden cold spell during the transition period 
when the feeding of A.I.V.-fodder commenced, might have been pre- 
vented by a more gradual introduction of the fodder into the ration. 

Conclusion.—The object of this paper is to answer the question: If 
A.I.V.-fodder is used to replace mangolds and part of the hay in a ration, 
what will be the effect on (1 a) the quantity, (15) the quality, of the milk, 
and (2) the cow? 

Briefly the answers are: 


(1a) No change of agricultural significance. 
(15) Butter-fat content hardly affected, colour and vitamin-A content 
much improved. 
(2) No scouring or ill effects. Eaten with relish by younger cows. 
Live weight maintained. 


It is not claimed that the fodder will have any startling effects on the 
condition or milk-yield of a herd, but that it may replace more expensive 
portions of a ration effectively, when used under normal farming condi- 
tions. It should, therefore, be of use to farmers as a means of conserving 
grass in difficult hay seasons, of making effective use of sudden flushes 
of grass or excess aftermath, of cutting out root-crops with their high 
labour costs, and of improving the quality and appearance of the milk, 
particularly during the winter months. 











J. B. E. PATTERSON 


Summary 


1. Mature aftermath grass was ensiled by the A.I.V.-process. 

2. The analytical values for the fresh grass and the A.I.V.-fodder 
show that little change occurred in the content of protein, though the 
values for phosphoric acid and calcium are lower in the silage. No 
estimate of the losses can be made since the grass was not accurately 
weighed when filled in to the silo and the total weight of A.I.V. -fodder 
is not known. 

3. A feeding-trial was carried out with South Devon dairy cows on 
the period-reversal system; 40 lb. A.I.V.-fodder replaced 40 lb. mangolds 
and 5 lb. hay. 

4. The milk-yield during the A.I.V.-fodder feeding-period fell by 
1:2 lb. per cow per week compared with values of 7-7 Ib. and 4:4 lb. 
during the preceding and following control periods. ‘There was a pro- 
nounced fall during the transition period when the cows were being 
brought on to the A.I.V.-ration. This was only partly due to the change 
of ration, since the milk-yield of the rest of the herd fell sharply at the 
same time, due to a severe spell of cold weather. 

5. The average percentage butter-fat was slightly, but not significantly, 
higher during A.I.V.-feeding: 4:34 per cent. compared with an average 
of 4:27 per cent. before and after. 

6. The colour of the butter-fat was more than doubled during A.I.V.- 
feeding. 

7. The live weights of the cows fell during the control periods and 
rose to slightly above the initial weights during A.I.V.-feeding. 


My thanks are due to Messrs. Imperial Chemical Industries, Ltd., 
Agricultural Research Station, Jealott’s Hill, for the Lovibond-tinto- 
meter determinations of the yellow colour of the butter, and for their 
co-operation in the conduct of this experiment; and to Mr. C. F. Nielsen, 
Manager of the Old Parsonage Farm, Dartington, for his assistance and 
co-operation in the feeding-trial. 
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THE GRASSLANDS OF KENYA 
I. AREAS OF HIGH MOISTURE AND LOW TEMPERATURE 


D. C. EDWARDS 
(Agricultural Department, Kenya) 


THE greatest potential asset of Kenya lies in its natural grasslands which 
constitute approximately one-half of the total land surface of 219,730 
square miles. ‘This estimate of the grasslands excludes vast semi-arid 
areas which, although they support large quantities of game and the 
herds belonging to nomadic tribes, are never likely to lend themselves 
to any considerable degree of development owing to lack of sufficient 
moisture. 

Types of grassland.—There are two main types of grassland to be 
considered. ‘The more important from the point of view of area consists 
of a natural herbage dominated by Themeda triandra Forsk. ‘This type 
occupies extensive open plains and usually constitutes a savannah in 
which Acacia trees are prominent, although considerable areas exist in 
which few Acacia trees occur. This type of vegetation is produced 
under conditions of erratic rainfall and periodical droughts. It is to 
some extent influenced by the fires which sweep over parts of it, but 
there are at least considerable portions of this country in which the 
vegetation can be regarded as a climatic climax. 

In comparatively small areas, however, this type of grassland has been 
greatly affected by the biotic factor of man and his grazing animals. In 
these areas over-grazing has resulted in the dominance of other grasses 
such as Aristida and Eragrostis. 

The other main type is that associated with the high-moisture and 
comparatively low-temperature conditions obtaining at the higher alti- 
tudes. The climax vegetation of this type of country is forest; but over 
considerable areas the forest has been cleared, either in fairly remote 
times by native stock-owning tribes or more recently by European 
settlers. Wherever the forest has been removed, grassland stages of the 
plant-succession ensue. The grasslands falling within this vegetational 
type most readily lend themselves to development, and they will there- 
fore form the main subject of the present description, which is the first 
of a series on the grasslands of Kenya. ‘The limiting factor in production 
in these areas is soil fertility, in contradistinction to the vast Themeda- 
Acacia grasslands, where moisture is most important. 

In addition to these two main types there are other zones of vegeta- 
tion less important from a grassland point of view. One of these occurs 
under high-rainfall conditions at lower altitudes as, for instance, in the 
region of Lake Victoria Nyanza. Country of this type is occupied 
mainly by agricultural native tribes. The growth of vegetation is rapid 
and vigorous, approaching the tropical rain-forest type, and there is, 
over the greater part of such areas, no important grassland stage in the 
plant-succession. Whenever cultivated land is abandoned in this type 


of country there follows a rapid growth of dense bush. There are again 
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further areas which may be regarded as transitional between the two 
main types of vegetation described above. In these areas the most com- 
mon dominant in the herbage remains Themeda triandra, although in 
other respects the vegetation differs from the Themeda-Acacia savannah. 

The areas of high moisture and low temperature —These comparatively 
small areas of the country are associated with the relatively high-mois- 
ture and low-temperature conditions of the higher altitudes. ‘The extent 
of the vegetational area concerned is estimated as 7,000 to 8,000 square 
miles, of which approximately 2,500 square miles are occupied by Euro- 
pean farms. In all the areas under consideration there is a rainfall of 
roughly from 40 to 60 in., fairly well distributed throughout the year, 
and the altitudes range from 6,500 ft. to 9,000 ft. and more. ‘These 
high altitudes, of course, imply comparatively low temperatures. The 
moisture conditions are actually more favourable than indicated by the 
scanty meteorological data available, since, in addition to the rainfall, 
frequent mists, often almost daily in occurrence, contribute to the supply 
of moisture. The accompanying map shows the distribution and ap- 
proximate size of the areas that fall within the above description. ‘The 
areas demarcated include, of course, mountain masses, the higher parts 
of which do not support this particular vegetational type. 

The plant-succession.—Practically the whole of these areas may be 
regarded as potentially Kikuyu grass (Pennisetum clandestinum Hochst.) 
country, and it will be seen from the following account of the plant- 
succession that, where herbage composed of this grass does not already 
exist, it can, in most cases, be produced. 

It is interesting to note here that the distribution of P. clandestinum is 
an extremely limited one. It is recorded as occurring naturally only 
within the tropics in East Central and North-East Africa [1], and even 
here it is confined to small areas of very special moisture and temperature 
conditions. 

The whole of this vegetational zone in Kenya was, as already indi- 
cated, at one time almost entirely under forest, and considerable parts are 
yet in this condition. The forest varies somewhat in composition, but 
some of the characteristic trees are—Olea chrysophylla Lam.; Olea Hoch- 
stettert Baker; Podocarpus spp.; Lachnopylis congesta C.A.Sm.; Pygeum 
africanum Hk.; Dombeya Mastersit Hk., and in the drier parts, Funtperus 
procera Hochst. 

Immediately following the clearance of this forest, a herbage consist- 
ing of Pennisetum clandestinum, generally with a proportion of Trifolium 
Fohnstonii Oliv., is formed. After a period, varying probably in different 
parts, this stage in the plant-succession gives place to a stage consisting 
mainly of coarse, tufted grass species. ‘he most prominent of these 
over large areas is Pennisetum Schimper A. Rich., and in smaller localized 
areas Eleusine Faegeri Pilger. 

Associated with the former an Agrostis sp. is frequently found and, 
in certain areas, for instance the Kinankop Plateau, Andropogon chryso- 
stachyus Steud. is important. The two last-mentioned are both finer 
grasses. The coarse-grass stage of the succession appears to persist for 
a very considerable period and large parts of the areas under considera- 
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tion at present fall into this category. Following this stage, the next 
retrograde step is to a herbage in which Themeda triandra Forsk. is 
dominant. The greater part of the grasslands here considered have 
reached this last stage. 

Factors influencing the plant-succession—The changes outlined above 
are clearly connected with falling soil fertility and there is considerable 
evidence pointing to organic matter as the controlling factor. 

The Pennisetum clandestinum stage of the plant-succession is associa- 
ted with conditions of high soil fertility such as are produced under 
forest. ‘The other stages can be explained by a gradual fall in fertility, 
particularly with regard to organic matter. The changes probably vary 
in rapidity with the amount and nature of the rainfall experienced. 
Another factor believed to play an important part, particularly in the 
production and maintenance of the Themeda triandra stage, is periodical 
grass-burning which, in many areas, has probably taken place under 
native occupation over a great many years. Fire was undoubtedly the 
instrument by which the forest was originally destroyed over large parts 
of these regions. 

In the vegetational zone under consideration the Themeda triandra 
herbage is unstable and distinctly sensitive to increase of soil fertility 
with regard to organic matter; that is, an increase in fertility results in 
the appearance of species belonging to the higher Pennisetum Schimperi 
stage. This change has already taken place in the immediate neighbour- 
hood of the homesteads of European-owned farms as the result of the 
animal manure deposited. Small areas of coarse and extremely tufted 
herbage are almost always to be found in these places, although the 
natural pasture of the district in general may be dominated by Themeda 
triandra. 

There is clear evidence that the retrogression from Pennisetum clan- 
destinum—Trifolium Fohnstoni, through the coarse Pennisetum—Eleusine 
to the Themeda stage, can be arrested and that the higher grass-stages 
of the succession can readily be induced to return. The ease of accom- 
plishing the change back to the desirable sward of Kikuyu grass and 
clover naturally depends upon the extent to which retrogression has 
taken place, but in all the areas examined, concentration of animals, 
and the consequent deposition of manure, bring about a rapid change 
in the herbage. On the sites of old native bomas (herding places), and 
where night herding paddocks have been situated on European-owned 
farms, a return to the P. clandestinum stage has very frequently taken 
place, whether these sites be on herbage dominated by P. Schimperi or 
T. triandra. Small areas where Eleusine Jaegeri is strongly dominant are 
probably due to higher fertility conditions than those which support a 
Pennisetum Schimperi herbage. 

Cultivation, or any stirring of the soil, temporarily produces higher 
fertility and usually results in an increase of species belonging to higher 
stages in the succession than the one in existence. This fact may account 
for the presence of the two large tufted species and of P. clandestinum 
at roadsides in areas in which they are not generally dominant. 

It is evident, then, that from a grassland point of view, there are no 
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essential differences between these areas of high moisture and low 
temperature in various parts of the country. The present variation 
between individual areas is accounted for by variations in the length of 
the period during which the vegetation has been retrogressing from the 
forest climax, as a result of the leaching of nutrients from the soil since 
the destruction of forest. 

Agricultural value of the species concerned.—As regards the value of 
the different types of herbage produced during the process outlined 
above, the Pennisetum clandestinum-—Trifolium Johnston stage and the 
Themeda triandra stage are the two of known value for grazing. The 
former, however, is the only one suited to intensive management. 
Themeda forms an entirely different type of sward from the stolonife- 
rous Kikuyu grass, in which there is usually a fairly high proportion of 
bare ground. Apart from this, it has already been pointed out that 
Themeda herbage is decidedly unstable in the areas under consideration, 
and the concentration of grazing animals rapidly results in the appear- 
ance of the coarse grasses Pennisetum Schimperi and Eleusine Faegert. 
These two species are both extremely coarse and unpalatable and are of 
little value as pasture grasses. 

Since dairy farming seems the obvious development in these higher 
areas of the country, management should be directed to the production 
and maintenance of Kikuyu grass (P. clandestinum) and indigenous 
clover pastures. This type of sward is capable of withstanding heavy 
grazing; in fact, the two species concerned thrive under these conditions 
and the concentration of stock is necessary to the maintenance of the 
stage. 

It is important to note also, that in none of the lower stages of this 
succession is there an adequate proportion of legumes in the herbage. 
In these stages clovers are practically non-existent and other legumes 
are uncommon. In addition to Trifolium Fohnstonit, other clovers such 
as T. repens L., T. semipilosum Fresen., and T. usambarense 'Taub. are 
found in association with Kikuyu grass. ‘The only clover of importance, 
however, is 7’. fohnstonii, except possibly T. repens, in certain small areas 
at 8,000 to g,000 ft. altitude. 

For those who are not familiar with Pennisetum clandestinum, a brief 
description will give a clearer idea of the type of sward produced by this 
grass. It is of a creeping habit and spreads by means of stout-branched 
surface-runners, which root very readily at the nodes, and also by under- 
ground stems. An abundance of leaf is produced w hich, when ungrazed 
on good soil, may reach a foot or 18 in. in height. When kept down by 
grazing or cutting an extremely close-growing sward is formed. In 
addition to roots this grass has an extensive underground system of 
stems, and since the latter often penetrate to a foot or more below the 
surface, it is not surprising that the plant is capable of withstanding 
heavy grazing; this, together with its high leaf-yield and ability to 
recover quickly, makes it admirably suited to intensive management. 

Management.—The key to the management of this type of grassland 
is believed to be control of the organic-matter content of the soil. Where 
the Kikuyu grass-clover sward still remains, live stock must be concen- 
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trated and the grazing managed on a rotational basis, so that the whole of 
the pasture utilized has full benefit of the manure produced. Unless this 
is done there is constant danger of the advance of the coarse Pennisetum 
and Eleusine. In places where the succession has not fallen back beyond 
this coarse intermediate stage, heavy concentration of stock and close 
grazing will do much to bring about the return of Kikuyu grass, provid- 
ing the animal droppings are allowed to accumulate on the pasture. 
Apart from the effect of the manure, the grazing will also have a sup- 
pressing effect on the coarse species. The rotation of night herding 
paddocks over the area it is desired to convert may be a feasible means 
of improvement in the first instance. Where the succession has fallen 
back to the Themeda triandra stage, which is the case over the greater 
part of these areas of high moisture and low temperature, the first 
effect of concentrating animals, even to a small degree, is the return of 
the undesirable intermediate stage of coarse grasses, and under these 
conditions, this stage is very persistent. Greatly increasing the soil 
organic matter and, at the same time, trampling the surface bare, such 
as by folding sheep, has the effect of causing a return of Kikuyu grass 
but, in general, on Themeda land it is probable that the only satisfactory 
way of producing Kikuyu-grass pastures will be to plough up, thoroughly 
clean the land, and at the same time increase the fertility as much as 
possible by the addition of farm- yard manure, or by heavy concentra- 
tion of animals on the area prior to cultivation. Kikuyu grass will then 
advance naturally, but planting pieces of the runners accelerates the 
production of a sward. 

Given Kikuyu grass-clover pastures under proper rotational manage- 
ment of close grazing and periodical rests, there is little doubt that the 
use of the mineral manures necessary to intensive grazing will become 
an economic proposition. In fact, it is most probable that phosphatic 
manures, acting on the clover, would assist in the maintenance of the 
reserves of organic matter that are essential to the success of this stage 
of the succession [2]. We have, at any rate, in this grass and clover 
sward, an obviously efficient instrument for the conveyance of the 
minerals to the animals and, providing the animals used are of suffi- 
ciently high-yielding types, there is “every reason to expect success. 
Under the present conditions of haphazard and extensive management 
mineral manuring cannot be contemplated. 


Discussion 

The areas considered are comparatively small, but the possibility of 
development of their pasture resources is far greater than in most of 
the remaining part of the country, where development is limited by 
low and erratic rainfall. It is in these areas that dairy farming (by 
Europeans in the first instance) can be expected to grow if the advance 
to intensive methods can be accomplished. Some of the most important 
stock-farming districts are already to be found within this type of 
country. They include Molo, the Kinankop Plateau, Upper Gilgil, and 
part of the Thomson’s Falls area, apart from a number of districts of 
lesser importance. 
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Although the stages of the plant-succession described are common to 
the areas of high moisture and low temperature in general, exceptional 
soil conditions are sometimes encountered, as for instance where poor 
drainage occurs, which may have the local effect of inhibiting the 
development of the higher stages. Observations have been made in all 
the areas shown on the map with the exception of the comparatively 
small one to the south-west, and Kikuyu grass is known to be dominant 
in parts of this area. 

The plant-succession consists of the following stages: 


1. Cool forest 

High fertility 
2. Pennisetum clandestinum-Trifolium fohnstonii \ 
3. Pennisetum Schimperi—Eleusine Faegeri 
4. Themeda triandra . 
Low fertility 


The P. clandestinum-T. Fohnstonii stage provides a sward well suited 
to intensive grazing, and this sward can be obtained and maintained 
fairly readily. 

As may be expected, this superior type of pasture demands higher 
soil fertility, and it seems fairly evident that the controlling factor is 
organic matter. Indeed, it is becoming increasingly evident that this 
aspect of soil fertility is of major importance in all parts of the country. 
Experiments have been designed to establish whether or not organic 
matter is the all-important factor in the control of the plant-succession 
in these areas, but the evidence is already so strong that it is not con- 
sidered necessary to await the results of these experiments before 
applying the main principles of management indicated by this prelimi- 
nary study of the plant-succession. 
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THE DEVELOPMENT OF THE MARKET FOR BEEF 
IN GREAT BRITAIN 


K. A. H. MURRAY and J. A. SCOTT WATSON 


THE last sixty years have witnessed a rapid growth in this country’s meat 
requirements. Reliable estimates are not available for the period before 
1871, but in that year Howard calculated that the total meat-supply, con- 
sisting of beef, mutton and lamb, and pig-meat, was about 989,000 tons, 
of which 83 per cent. or 841,000 tons was home-produced.! 

Various estimates of the meat output from British farms have been 
made from time to time, notably by Rew and by Hooker. Many of these 
have been revised in the light of later improvements and the official com- 
putations for annual supplies since 1900-1 are available in various reports. 
In order to bridge the gap between 1871 and 1900-1, estimates have been 
made for 1880—1 and 18go0-1 on the same basis as the more recent official 
calculations. A few assumptions were necessary, but the results seem 
reasonable. ‘The changes in total supplies are given in Table 1, the War 
years being omitted as abnormal. 


TABLE 1. Estimated Annual Meat-Supplies of Great Britain 


Per capita 


Period Home output* Imports Total consumption 

tons tons tons Ib. 
1871 841,000 148,000 989,000 85 
1880-1 963,000 444,000 1,407,000 106 
1890-1 992,000 648,000 1,640,000 III 
1900-1 to 1904-5 1,147,000 1,168,000 2,315,000 137 
1905-6 to 1909-10 1,169,000 1,170,000 2,339,000 132 
IQIO-II tO 1913-14 1,157,000 1,202,000 2,359,000 128 
1923-4 to 1927-8 1,115,000 1,565,000 2,680,000 137 
1928-9 to 1932-3 1,154,000 1,651,000 2,805,000 141 


* Including edible offal. 


There was a very rapid increase in supplies during the seventies of last 
century, the total rising by about 400,000 tons or 40 per cent. During the 
next decade the increase was less marked, but between 1890 and 1900 
the market expanded very rapidly again and in the first five years of the 
twentieth century the annual meat-supply averaged 2,315,000 tons, an 
increase of 134 per cent. in thirty years. 

The home output of meat had risen about 34 per cent. in that period, 
the increase being faster in the seventies and nineties than in the 
eighties. While the home output had increased by about 300,000 tons, 
imports had risen almost eightfold. 

During the twentieth century total supplies have continued to increase, 
but the expansion has by no means been so spectacular. Home produc- 
tion has remained relatively stable, whilst imports have continued to 


! Howard, James. Our Meat Supply. Bedford, 1876. 
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rise, though less rapidly than in the earlier years. In the last five-year 
period of the table, 1928-9 to 1932-3, the total supply averaged 2,805,000 
tons, of which 1,154,000 tons were produced in Great Britain and 
I 651, ooo tons were imported. 

The four main factors in the growth of the market for meat are— 

(a) the increase in population; (6) changes in consumers’ spending 
power; (c) changes in the prices of meat relative to other foods; and 
(d) changes in food habits and tastes. So far as total meat is concerned, 
it is intended to discuss briefly only the first two of these factors. 

Between 1870 and the beginning ‘of the twentieth century, a great part 
of the growth in meat requirements must be attributed to the increase of 
population. In the forty years 1871-1911 the population increased by 
14,759,000, but during the next twenty years, which included the War 
period, the increase was only 4,000,000. It is generally believed that the 
rate of population increase will continue to decline and that a stationary 
or even a declining population may be expected in the near future. 


TABLE 2. Population Increases in Great Britain, 1871-1931 


Increase over 


Census year Population previous census 
per cent. 

1871 26,072,000 oa 

1881 29,710,000 13°9 
1891 33,029,000 rrs 
1QOI 377,000,000 12°0 
IQII 40,831,000 10°4 
1921 42,769,000 4°7 
1931 44,831,000 48 


The per capita consumption of meat in Great Britain is also given in 
Table 1. Between 1871 and 1880 it increased from 85 Ib. to 106 lb., and 
again rose, to 111 lb., in the next ten years. Then followed another rapid 
increase until, in the five years 1900-1 to 1904-5, it averaged 137 lb. 
During the following quinquennium consumption declined, but in the 
post-War period it recovered and eventually passed its pre- -War level. 

There is little doubt that these changes in per capita consumption are 
closely related to changes in incomes, especially in the pre-War years. 
From 1870 until 1898 there was a very marked rise in the purchasing 
power of wages, and there is strong evidence that higher incomes resulted 
in a greater consumption of, and a greater expenditure on, meat in 
general.' Post-War data also indicate that consumption increases with 
income? and there is reason to believe that the limiting factor to con- 


™ Second Report of the Committee to Enquire into the Production and Consumption of 
Meat and Milk in the United Kingdom. Journal of the Royal Statistical Society, vol. 
Ixvii, part iii, 1904, and Report of the Royal Commission on the Supply of Food and Raw 
Materials in Time of War, Cmd. 2645, 1905. 

2 Short, J. B. An Analysis of Customers’ Purchases of Beef, Mutton, and Pork in a 
Rural District of Cambridgeshire, 1928. Unpublished manuscript; and Jones, A., and 
Makings, S. M., Some Aspects of Meat Distribution and Consumption. Midland Agri- 
cultural College, Sutton Bonington, 1931. 
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sumption by the lower-income groups is their smaller incomes rather 
than any innate difference in food tastes. 

Total annual requirements in the years 1928-9 to 1932-3 averaged 
1,816,000 tons more than in 1871; about 712,000 tons, or 39 per cent., of 
the increase was due to increased population, and the balance of 1,104,000 
tons, or 61 per cent., to increased per capita consumption. 

Examination of these two factors suggests that the continued expansion 
of total meat requirements in the future will depend primarily on an in- 
crease in per capita consumption rather than on any considerable growth 
in population ; and though the rate of increase in per capita consumption 
may become progressively slower, an increase is still possible, provided 
consumers’ spending power increases and standards of living rise. 


Beef and Veal 


(a) Supplies —During the last fifty years beef and veal have comprised 
slightly less than one-half of Britain’s total meat-supplies, though this 
proportion has varied from time to time. 

No reliable estimates can be formed of the annual supplies of beef and 
veal before the last quarter of the nineteenth century. In 1880-1 the 
annual requirements were about 565,000 tons, of which 75 per cent. was 
home-produced ; per capita consumption was about 43 lb. ayear. During 
the next ten years supplies increased slightly faster than population, and 
consumption rose from 43 lb. to 49 lb.; the consumption of the other 
meats remained relatively steady. Home production did not increase 
materially, but imports were almost doubled. 


TABLE 3. Estimated Supplies of Beef and Veal in Great Britain 


Per capita 

Period Home output Imports Total consumption 
tons tons tons lb. 
1880-1 415,000 150,000 565,000 43 
1890-1 425,000 293,000 718,000 49 
I9QOO-I to 1904-5 612,000 513,000 1,125,000 67 
1905-6 to 1909-10 642,000 545,600 1,187,000 67 
IQIO-I to 1913-4 621,000 585,000 1,206,000 65 
1923-4 to 1927-8 602,000 775,000 1,377,000 70 
1928-9 1 to 1932-3 607,¢ 000 7175 000 1,324,000 | 66 


There followed a period e rapid expansion danina the next fifteen 
years; both the home output and imports increased and per capita con- 
sumption rose; total meat-consumption during this period rose by 26 lb. 
(Table 1), so that beef more than held its own with an increase of as 
much as 18 lb. 

Until the War consumption of beef remained nearly constant, while 
there was a marked drop in that of other meats. Home production 
reached a peak of 654,000 tons in 1g0g—10 and afterwards declined con- 
siderably; imports, on the other hand, continued to increase, and were 
responsible for the maintenance of the total per capita consumption. 

In the post-War quinquennium, 1923-4 to 1927-8, consumption had 
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risen to an average of 70 lb. per head; once again the home output had 
declined, but imports had risen by an amount that more than compen- 
sated for the decline in home production. While beef-consumption had 
risen 5 lb. between the two periods, the consumption of other meats had 
risen 4 lb. At this stage beef constituted 51 per cent. of the total meat 
consumed. 

Since 1925-6 there has been a decline in beef-supplies, both absolutely 
and in relation to population. Home production had risen slightly but 
not sufficiently to offset the decline in imports. Per capita consumption 
averaged only 66 lb. compared with 70 lb. in the previous five years. 
Actually the annual consumption fell from 71-6 lb. in 1925-6 to 62:2 lb. 
in 1932-3. During the same eight years, the consumption of mutton and 
lamb rose from 25-6 lb. to 33-7 lb., and of pig-meat from 38-7 lb. to 47°8 lb. 

In the period 1928-9 to 1932-3 annual beef requirements were 759,000 
tons a year greater than in 1880~1, and of this increase 296,000 tons a 
year (or 39 per cent.) was due to growth in population, and 463,000 tons 
(or 61 per cent.) to higher per capita consumption. 

Table 4 summarizes the average annual supplies for the four years 
1927-31. About 45 per cent. of the total was home-produced beef, in- 
cluding cattle fattened from imported Irish stores. 


TABLE 4. The Constitution of Great Britain’s Beef-Supply, 1927-31 


Class Cut. Per cent. of total 
Home-fed cattle ‘ ‘ 12,430,000 45°3 
Imported fat cattle . ‘ 2,025,000 7°4 
Imported chilled beef ‘ 9,530,000 34°7 
Imported frozen beef ‘ 2,732,000 10°O 
Other types. a : 718,000 2°6 
Grand total . ; : 27,435,000 100°0 


Reference to Table 5 shows that, in the five years 1923-4 to 1927-8, 
about 50 per cent. of the cattle slaughtered annually in England and Wales 
were steers and maiden heifers, assuming that all the stores imported from 
Ireland came into these categories; about 46 per cent. were cows, and the 
remaining 4 per cent. were ‘baby beeves’ and bulls. In the pre-War 
period only about 37 per cent. were cows; steers, maiden heifers, and bulls 
(including Irish imported as stores) accounted for 63 per cent. of the 
slaughterings compared with 54 per cent. in the post-War years. 

Imported fat cattle, coming principally from the Irish Free State and 
to a lesser extent from Canada, were practically the only other source of 
fresh beef competing directly with the home product; these provided 
about 7-4 per cent. of the total beef-supplies. Chilled beef, which is the 
most important indirect competitor with fresh beef, formed 34-7 per cent. 
of the supply. About go per cent. of this came from the Argentine, the 
remainder being mainly from Uruguay and Brazil. Imported frozen beef 
formed 10 per cent. of the total; about 35 per cent. came from the 
Argentine, 34 per cent. from Australia, 12 per cent. from New Zealand, 
and small quantities from Uruguay, Brazil, and a few other countries. 
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Imports of other types such as salted, tinned, and canned beef were 
insignificant, and amounted to less than 3 per cent. of the total. 


TABLE 5. Estimated Numbers of Cattle Fattened and Slaughtered 
in England and Wales, 1908-9 to 1912-3 and 1923-4 to 1927-8! 





1908-9 to 1912-3 1923-4 to 1927-8 
Numbers Numbers 

(thousands) Per cent. (thousands) Per cent. 
Cows . ‘ F , 515 a7°3 600 46°4 
Steers and maiden heifers 601 43°5 387 29°9 
Baby beeves . ; : 24 ° 30 a3 
Bulls. ? . : tT T 21 1°6 
Irish imported as stores . 265 19‘2 256 19'8 
Total slaughtered : 1,381 100°0 1,294 100°0 
* No estimate available, but negligible. + Included in steers. 


(b) Price movements.—Three principal types of price changes may be 
distinguished: long-term movements, year-to-year fluctuations, and 
seasonal variations. 

The long-term movements follow fairly closely the movements of 
prices in general and, in so far as they conform with ‘them, may be 
attributed to the common causal factors. In so far as they diverge from 
the trend of the general price level, the movements may be explained by 
the supply and demand factors for beef, or for different types of beef. 

Between 1904 and 1913 the general level of wholesale prices moved 
slowly upwards at the rate of about 0-93 per cent. per annum. ‘The 
changes in beef prices during this decade are shown in Table 6, col. 1. 


TaBLE 6. Annual Increase or Decrease in the Price of Different Types of 
Beef and in the General Price Level, 1904-13, 1923-9, and 1929-34 


(expressed as a percentage of the average price of each type in each period) 


Percentage change per year 


1964-13 1923-9 1929-34 
British beef, first quality ; ‘ +082 —2°55 — 2°63 
Cow and bull beef, first quality ‘ + 2°82* —2°54 — 3°43 
Argentine chilled beef, hind-quarters +092 + 1°68 — 2°84 
Australian frozen, hind-quarters : +1°14T +0°58 —4°78 
General price level. : ‘ +0°93 + 2°68 —3°46t 
* 1907-13. + Argentine frozen. 


t The decline in wholesale prices occurred mainly in 1930. 


The variations in the rates of increase cannot reasonably be attributed 
to changes in the volume of supplies of the various types. Frozen-beef 
supplies were still increasing rapidly, as well as those of chilled beef, 
which was then still a relatively unimportant factor on the market; home 


' From the Report on the Marketing of Cattle and Beef .in England and Wales, 
Economic Series No. 20, Ministry of Agriculture, 1929. 
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production rose between 1904 and 1910, and only in the three remaining 
years did it decline slightly. 

Changes in demand rather than in supplies appear to explain both the 
general increase in beef-prices and certain of the divergencies between one 
type and another; between 1896 and 1914 general prices rose in terms of 
gold; fluctuations in the value of money cause changes in money incomes, 
and thus affect commodity prices through the demand factor. Further- 
more, during the period in question prices rose more rapidly than did 
money wages, or in other words there was some decline in real wages; 
much of the demand for first-quality beef would therefore probably be 
transferred to the poorer qualities, and this would account for the more 
rapid rise in the prices of } ae beef, the main type of imported beef at 
that time, and of cow and bull beef, than in the price of first-quality 
British beef. This theory is borne out by an examination of prices during 
the years 1873 to 1896; in that period general prices were lien, wages 
lagged in the fall, the purchasing power of wages increased, demand for 
first-quality beef was relatively strong, and the price of prime beef fell 
less rapidly than the prices of inferior qualities. 

Coming to the post-War period, 1923-34 (Table 6, cols. 2 and 3), the 
long-term movements in the prices of the different types were very 
divergent. ‘The twelve years have been divided into two periods, 1923-9 
and 1929-34, the former covering the years when the general decline of 
prices was more or less steady, the latter a period of more rapidly falling 
prices. This division makes the straight-line trends more representative 
of the various price series. 

During the seven years 1923-9 beef-prices fell as prices in general 
declined. Once again the total supply was not the main rg torah 
factor; total money demand decreased during this period of deflation. 
Prime British beef fell in price at the rate of 2:55 per cent. per year 
and cow and bull beef 2°54 per cent.; home-production showed an 
upward trend during the period. Argentine chilled beef, on the other 
hand, showed an upward price trend during the period, 1-68 per cent. 
per year, in spite of a very rapid increase in supplies until 1927-8. ‘There 
is no doubt that during these years there was a very strong change-over 
on the part of certain classes of consumers, particularly in the cities, 
towards the chilled product—on «ccount, presumably, of its uniformity 
and improved quality. It may, in fact, be true that, for some classes of 
consumers, taste is a more decisive factor in demand than relative cheap- 
ness. ‘The same period witnessed the rapid expansion of the dairy in- 
dustry in this country and a consequent decline in the quality of home- 
produced beef. These two factors were responsible for the maintenance 
of chilled-beef prices at a time when home-beef prices were falling rapidly. 
By the end of the period chilled-beef prices had risen above the level of 
cow and bull beef, supplies of which were forming an increasing propor- 
tion of the home output. 

Frozen-beef prices showed a slight upward trend during the period, 
due mainly to a decline in supplies which continued during the entire 
seven years. The market for frozen beef is possibly limited, particularly 
when other meats are relatively low in price. 
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The movements since 1929 (Table 6, col. 3) have all been in the same 
downward direction, following the general price level, but again they 
have varied for different types.of beef. Frozen beef fell most rapidly, 
then cow and bull beef, next chilled beef, and finally prime British beef. 
The most reasonable explanations of the relative movements are again 
connected mainly with changes in demand. The rapid fall in British beef 
prices in the earlier period had brought them down to a level at which 
those consumers for whom price rather than taste is the deciding factor 
could compete for it; and this, one may argue, would tend to slow down 
the fall in prime-beef prices. 


11 
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Trends in the Prices of British and Imported Beef in England and 
Wales, 1904-13, 1923-9, and 1929-34. 


For example in 1929 British prime beef was 83d. per lb. at wholesale, 
and chilled Argentine hind-quarters 7$d.; by 1933 British prime beef 
had declined to less than the 1929 price for Argentine chilled. Allowing 
for the general reduction in consumers’ purchasing power between 1929 
and 1933, the consumer paying 74d. in 1929 could afford about 63d. per 
Ib. in 1933 and this brought him within reach of British beef in 1933. 

Similarly, with prices at a lower level, a considerable change-over might 
be expected from frozen beef to chilled beef, which, coupled with the 
increasing supplies after 1931, would weaken considerably the frozen- 
beef market. 

In summary, therefore, the price movements of the different types of 
beef indicate that there is very considerable changing over in the con- 
sumption of different types. Relative supplies play a small part in affect- 
ing the trends, but changes in demand provide the major explanation. 
Pre-War movements show a transference of demand to the cheaper types 
during the period of rising prices and declining purchasing power. The 
first half af the post-War period showed a rapid swing-over to chilled 
beef, mainly at the expense of fresh British beef. The figures for the 
latter half of the period suggest a further swing to chilled beef, but possibly 
rather at the expense of frozen beef and of home-produced cow and bull 
beef, the decline in the prices of the higher qualities during the earlier 
period having brought these types within the potential purchasing power 
of lower-income groups of consumers. 
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During the last few years home-produced beef has met competition 
not only from cheaper types of beef but also from mutton, which has 
normally been considerably above the price level of the corresponding 
quality of beef, but which has recently been at a competing level.' ‘Table 
7 indicates the movements in retail prices of approximately similar 
qualities of home-produced and imported beef and mutton. 


TABLE 7. Representative Retail Prices of Home-produced and Imported 
Beef and Mutton in Great Britain 


(in pence per Ib.) 





Home-produced Imported 
Ribs Legs Flank | Breast | Ribs Legs Flank | Breast 
of of of of of of of of 
beef mutton beef | mutton beef | mutton beef | mutton 
. & a .! d. d. d. s. di d. d. 
1923-5 1 53 1 8} 1Oys | Ilys | 10} I O7s | 5% 54 
1926-8 2g 1 67% Qiz | Ozzy | 10;%7 Iys | Sis Siz 
1929-31 | I 4 I 56 83 of 10} 11} Siz 5 
1932 1 23 1 34 8 8 9] 93 4} 4 
1933 1 2 1 2} 73 73 9 94 43 34 
1934 I 2 I 3 73 73 9 94 43 33 








In 1923-5 British ribs of beef were 1s. 53d. per lb. and legs of mutton 
about 1s. 83d., a difference of 23d. per lb.; by 1933 mutton had declined 
to within 3d. per lb. of the price of ribs of beef. Similar relative changes 
occurred for poorer qualities of home-produced beef and mutton. 

Imported leg of mutton averaged 1s. ofd. per lb. in 1923-5 compared 
with 104d. per lb. for imported ribs of beef, a price difference of 2;\d. 
per lb.; by 1933 mutton had declined to 9}d., while beef had fallen only 
to gd., the price difference being reduced to }d. per lb. Between 1924-5 
and 1933 the per capita consumption of mutton and lamb rose from 
24:2 lb. to 32-1 lb., while that of beef dropped from 70-1 to 62-0 lb. The 
maintenance of real wages during the period of declining prices, coupled 
with the more rapid drop in mutton prices than in those of beef, has 
resulted in a considerable change-over from beef-consumption. There 
has also been some change of taste in favour of mutton and lamb, which 
has accentuated the change resulting from the change in relative prices. 

Though there are considerable differences in the long-term price 
trends for the different types of beef, there is a very striking similarity 
in their year-to-year fluctuations, which suggests the operation of one or 
more factors exerting a common influence. Home-produced and im- 
ported, fresh, chilled, and frozen beef tend to move in the same direction 
in any one year, though by varying amounts. Supplies of the several 
types do not vary together, and correlation studies show little relationship 
between supplies and prices. Once again the importance of the demand 
factor must be emphasized. It seems as if there is a considerable amount 


* Wholesale mutton prices have experienced a sharp rise during recent months and 
this will probably be reflected in higher retail prices for 1935. 
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of substitution in the demand for the different types; a rise in the price 
of dearer beef is reflected in a rise in price of the cheaper by means of 
a transference of consumer demand. Similarly, a drop in the price of 
any one type will effect a corresponding move in those of the others. 

During the last four or five years, as is shown in Table 8, total supplies 
of beef, mutton, and lamb, taken together, have remained remarkably 
steady, varying by no more than 2 per cent. from the average of the three 
years 1927-9. Prices, on the other hand, declined by 26 per cent. between 
1930 and 1933, this being, it is suggested, the result of decreased spending 
power. The slight upturn in spending power since 1933 was accompanied 
by an upturn in combined prices in 1934; the rise, however, was ac- 
counted for by mutton and chilled beef only, and was not shared by fresh 
beef; supplies of the two former were less than in 1933, but fresh beef- 
supplies were greater. 


TaBLe 8. Index Numbers of (1) Combined Supplies of Beef, Mutton, and 
Lamb, (2) of Combined Prices, and (3) of Consumers’ Spending Power, 
1927-9 to 1934 

(1927-9 = 100) 


Supplies* Pricet Spending power} 
1930 100 102 97 
1931 98 go go 
1932 99 81 88 
1933 98 76 go 
1934 -- | 79 93 


* Including home output, imported chilled and frozen beef, live fat cattle, frozen 
mutton and lamb, and live sheep. 

+ Weighted according to the 1930-1 total values of each type included. 

} Based on wage earnings and numbers employed with an allowance for rent payments. 


The third type of price movement is seasonal variation, and so far as 
this is concerned variation in supply exercises an important effect. Meat 
consumption as a whole alters remarkably little throughout the year, 
though there is considerable variation for individual products.! During 
the summer months there is, in general, a greater demand for lighter 
meats such as veal, lamb, poultry, &c., and in the winter months a 
preference for beef and pork. 

The index numbers of monthly supplies of beef and veal in Great 
Britain are given in Table 9. The peak of supplies, occurring in October, 
was 10 per cent. above the average monthly quantity, and in the following 
three months nearly the same level was maintained. The lowest figure, 
12 per cent. below the average, occurred in June. It may be noted that 
the seasonal variation in supplies is considerably greater for home-killed 
beef, the monthly indices aa yhich vary between 121 and 78, than for im- 


ported beef, the highest and lowest indices for which are Io05 and go. It 
does not follow that consumption of imported beef is more steady 
throughout the year, because considerable amounts of imported frozen 

1 Data on these variations are given in the Report of the Reorganization Commission 


for Fat Stock for England and Wales, Economic Series No. 39, Ministry of Agriculture 
and Fisheries, 1934. 
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meat may be stored; it is probable, however, that imported supplies do 
tend to balance out the irregularity of the home output, since the main 
part of the imported supply is chilled beef, which moves into consump- 
tion almost immediately on arrival. 


TABLE 9. Index Numbers showing the Seasonal Variation in Beef 
and Veal Supplies in Great Britain, 1927-31' 
(Monthly average = 100) 


Month Home-hilled Imported Total 
January : ' 113 104 109 
February . ‘ 96 92 94 
March : , 100 103 102 
April . : : 93 IOI 97 
May . ° : 87 105 95 
June . : : 78 100 88 
July . : : 83 102 gI 
August ; : 93 103 98 
September . , 103 99 IOI 
October. , 117 102 110 
November . a 121 go 107 
December . : 116 99 108 
Monthly average . 100 100 100 
Standard deviation 13°6 4°4 71 


The question of seasonal variation is of great importance to the home 
industry, particularly because there is a growing tendency for market 
supplies to be concentrated in the autumn months, and the volume of 
the home output is at that time the main price- -determining factor. The 
increasing concentration is due to the change in production methods from 
winter fattening on arable-land products to summer grass-feeding. 

The following figures show, for example, what has occurred during the 
last twenty years at Norwich market, in the centre of a large arable farm- 
ing, winter-fattening area. In the pre-War period, 11,463 cattle, winter- 
fed, were received in the first quarter of the year and 16,663 in the second; 
in the post-War period, however, the receipts in the two periods were 
reduced by 46 per cent. and 43 per cent. to 6,173 and 9,423 respectively. 
On the other hand, summer receipts (mainly grass-fed) increased, par- 
ticularly in the third quarter, rising from 2,908 and 2,612 in the third and 
fourth quarters of 1909-13 to 3,273 and 3,319 respectively in 1925-9. 

The effect of these changes is seen in the changed seasonal variation in 
prices. In the pre-War period prices reached a peak of about 4 per cent. 
above the average in June and July, and fell to about 3 per cent. below 
the average in November. In the post-War period the autumn drop was 
intensified to 7 per cent. below the average, while the peak, of 7 per cent. 
above average, was pushed forward to May. Prices are now, therefore, 
relatively higher in the spring, and lower in the autumn, than they were 
in the pre-War period. 

Similar variations occur in wholesale and retail prices of British beef, 
and the accentuated autumn drop markedly affects the ‘spread’ between 


' From the Report of the Reorganization Commission for England and Wales (as above). 
3988-10 N 
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TABLE 10. Average Monthly Receipts of Fat Cattle at Norwich Market, 
1909-13 and 1929-33, and Index Numbers of the Seasonal Variation 
in Fat-Cattle Prices in England and Wales 


January 
February . 
March 
April 

May 

June 
July. 
August 
September 
October 
November 
December 


Receipts 


1909-13 


3,005 
3,403 
5,055 
6,027 
6,391 
4,245 
1,605 
676 
627 
787 
769 
1,056 


33,646 


1929-33 


1,611 
1,918 
2,644 
3,284 
3,376 
2,763 
1,449 

915 

9°09 
1,253 
1,048 
1,018 


22,188 


Seasonal variation in prices 


* Average monthly price. 


1909-13 


98°3 
98°7 
99°3 
100°6 
102°8 
103°9 
103°9 
IOL’O 
98°7 
97°I 
969 
98'9 


100'0* 


1925-9 


99°8 
99°9 
IOI‘! 
104°3 
107'0 
106°5 
102'0 
98°8 
96-2 
93°4 
93°5 
97'8 


100°0* 


British and Argentine beef, the price of which shows comparatively little 
seasonal change. In 1924-6 the premium in favour of British beef 


averaged 3}d. 


er lb. in March and 2d. in September; by 1933 the March 


seg had been almost halved while the autumn drop in home prices 
ad, in September, brought British beef within 4d. per lb. of the price 
of Argentine chilled (Table 11). These relative changes affect the rela- 
tive demand for the two types of beef. It is unlikely, however, that the 
autumn price of British beef will fall below that of Argentine unless 
indeed there is a further decline in the quality of the home product. 


TABLE 11. Monthly Wholesale Prices and Spreads of British Fresh 
and Argentine Chilled Beef, 1924-6 and 1933 


January 
February 
March 
April 

May 

June 

July 
August 
September 
October 
November 


December 


Year 


d. 
93 
9} 
93 
10 





1924-6 y 1933 
Argentine | Argentine 
British \Chilled, H.Q.| Difference British Chilled, H.Q.\ Difference 
= a ; seta ae 
d. | d. d. d. 
7 ne 7 6} 
63 _. 74 6 
64 | ws 73 5i 
7 i. 73 6 
7% | 3 74 5i 
7 | 38 74 53 
6% | 3% 7 53 
7% | 28 7 64 
7% ; @ 6} 63 
7% | 18 6j 6} 
6% 2 6} 52 
6} | 28 7 6 
7 an 6 
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In looking to the future it is impossible to disregard the peculiar con- 
ditions of the last few years. On the one hand, we have seen the closing, 
against the beef-exporting countries, of markets which formerly absorbed 
a considerable proportion of their output. These supplies have been, as 
far as possible, diverted to Britain with the consequence that, in 1933, the 
United Kingdom took 80 per cent. of the world’s total exports of beef and 
50 per cent. of its — of live cattle. 

On the other hand, we have seen the adoption by this country of a policy 
the declared object of which is to give the home producer the first, and 
the overseas Empire producer the second, call on the home market, 
leaving only the balance to the foreigner. It was anticipated that the 
restriction of foreign supplies would raise the level of prices and would 
thus increase the return from home-produced and Empire beef. In fact, 
however, prices of British beef have failed to rise as a result of the re- 
striction of chilled-beef imports. The next step has been to provide a 
temporary measure of relief to the home producer in the form of a direct 
subsidy, paid by the Exchequer; and the present intention is to make 
permanent provision for the continuance of such a subsidy by means of 
a levy on imports, the burden of which would fall either on the consumer 
or the foreign producer, or partly on each. 

There is little doubt, then, that the future of the British beef market 
will depend in a considerable measure upon future political action, both 
at home and abroad, and is to that extent incalculable. 

However, judging by past experience and assuming that the economic 
forces will continue to exert some influence, it is possible to make certain 
broad statements about the market for beef as a whole. 

First, further expansion of the British market for beef and veal must 
depend on increased per capita consumption rather than on any con- 
siderable increase of population. Second, increased per capita consump- 
tion is dependent to a great extent on a higher level of industrial 
prosperity, for there is a close correlation between the spending power 
of consumers and the demand for beef and veal.. Third, there is marked 
competition between beef and both mutton and pork. This has been 
largely responsible for the decline in beef consumption during the past 
few years, for there has been but little change in the total per capita 
consumption of meat. It is vital to the beef industry to discover whether 
the change-over from beef to other meats is due to a change of taste 
or to the relative cheapness of the competing meats. The evidence 
indicates that the relative cheapness of mutton has been a factor of 
very considerable importance, and it is not unreasonable to expect 
that a diminution of mutton and lamb supplies, accompanied by a 
rise in their prices, would result in a transference of demand back 
to beef. Undoubtedly the taste acquired recently for mutton and 
lamb will not immediately disappear, but it is difficult to believe that, 
in the long run, the relative price levels will not exert much of their old 
influence. 

Examination of the long-term trends in prices and supplies shows that 
the markets for the different classes of beef are very different, and indeed 
suggests that fresh, chilled, and frozen beef may best be regarded as 
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three distinct commodities the demands for which are, however, rather 
closely interrelated. 

Fresh beef normally enjoys a premium over the chilled product. There 
is, of course, little, and sometimes no difference between the price of 
inferior fresh and a better quality of chilled beef; but as between com- 
parable grades fresh beef enjoys a marked premium. This premium 
reflects a general preference which is most wall ws in the country districts, 
small towns, and working-class districts, and least so in London and other 
large towns. The market for such beef is largelysdependent upon general 
purchasing power. It has been relatively strong in recent years, prices 
for British beef having been maintained at a level considerably above that 
of imported beef. Should there be a general rise in sterling prices it is 
possible, as has happened in the past, that wage rates would rise less 
rapidly than prices. With a rise in general prices and a decline in real 
wages the cheaper imported beef would rise in price more rapidly than 
the better qualities of home-fed. 

There are two other factors which are exerting an increasing influence 
on the market for home-produced beef. Firstly, the expansion of the 
dairy industry is undoubtedly lowering the average quality of British 
beef because, on the one hand, there is an increasing proportion of cow 
beef in the total output and, on the other, an increasing proportion of 
the available stores are bred from dairy rather than beef strains. This 
explains the fact that the over-all average price of British beef has in 
recent years been approaching that of cow and bull beef, and receding 
from the price level of the best quality. A large proportion of home-fed 
beef has thus been meeting much keener competition from the chea - 
types, and notably from South American chilled. The upward tren 
the price of chilled beef from 1923 till 1929, in the face of increasing 
supplies of chilled and in a period of declining prices for the home 
product was a clear indication of a swing-over in demand due probably, 
in the main, to a change in the relative qualities of the two articles. It 
is probable that the change has occurred largely among those classes of 
consumers for whom price is not the first consideration, and hence it 
will be the more difficult to induce them to return to the fresh product. 

The second great change which is proceeding is in the seasonal dis- 
tribution of the output, the concentration upon grass-feeding and autumn 
marketing bringing an increasingly heavy drop in prices during the last 
quarter of the calendar year. At that season first-quality British beef has 
recently been no more than a penny a pound dearer than Argentine 
chilled, while home-fed cow and bull beef has actually fallen below the 
level of chilled. There has been a corresponding relative rise in the price 
of home-fed beef towards the end of the winter-feeding period as a con- 
sequence, of course, of diminished supplies. It is not impossible, how- 
ever, that this increasing disequilibrium of seasonal supplies may result 
in greater returns for the annual output as a whole. This depends on 
relative costs and on the extent to which the autumn market for home 
beef is expanded and the spring market is contracted in response to the 
changes in relative prices. 

The future trends in the matters of average quality and of seasonal 
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output depend largely on factors external to the beef industry itself. On 
the one hand, higher returns from arable crops would probably stimulate 
winter fattening, which would result in a more even distribution of the 
output and relieve the glut of the autumn markets. On the other hand, 
lower returns for milk, which may prove inevitable, would doubtless 
result in a return from dairying to beef-production, with a consequent 
decline in the proportion of cow beef and an improvement in the average 
quality of the other classes. 

Chilled beef is the medium-priced type. It is consumed partly by 
those who would prefer fresh beef but are unable to afford it, and partly 
by those who consider that its uniformity, &c., outweigh the adv antage in 
flavour of the fresh beef. A reduction in the supplies, which may be a 
consequence of the very low returns recently obtained by producers i in 
Argentina, would not necessarily result in greatly enhanced prices for 
British beef. Those who consume chilled beef from choice rather than 
from necessity might turn to the higher-priced home product, but they 
might transfer their demand mainly to other foods. Those who buy 
chilled beef because they cannot afford to have fresh would be unlikely 
to make the change. It is more probable that a reduction in supplies of 
chilled beef would cause an increased demand for frozen, and would 
thus assist the Dominion rather than the British producer. 

Frozen beef is the cheapest type of meat. The demand for it is rela- 
tively inelastic and the market is a small one. During the period from the 
end of the War until the introduction of import regulation in 1932, 
supplies of frozen beef declined rapidly, being replaced by South Ameri- 
can chilled and possibly to some extent by the poorer cuts and qualities 
of British beef. Demand for frozen beef is not one of choice but of 
necessity. If competing meats (such as mutton and pork) were dear, then 
a rise in chilled-beef prices might possibly increase the demand for the 
frozen product. 

In conclusion, it is evident that the future expansion of the beef market 
in Great Britain ‘depends primarily upon a maintenance and raising of the 
existing standards of living. This, in turn, may be held to depend upon 
industrial prosperity, and there appears to be general agreement that 
further substantial revival now awaits an expansion of the export rather 
than the domestic markets. If this is so, then it is almost inevitable that 
the purchasers of British manufactures, especially if these are Empire 
countries, will pay for them with agricultural produce. If, on the other 
hand, the tendency towards self-sufficiency is continued and imports are 
curtailed, a fall in standards of living is almost certain and one of the first 
markets to suffer will be that for home-produced beef. 


(Received March 5, 1935) 














THE SOILS OF SCOTLAND 
Pr. I. INTRODUCTION: THE HIGHLANDS AND HEBRIDES 


W. G. OGG 
(Macaulay Institute for Soil Research, Aberdeen). 


WITH PLATE 12 
I. Introduction 


ALTHOUGH the total land surface of Scotland amounts to only 29,800 
square miles, there is within that small area a considerable variety of 
soils. This is mainly due to the contrasts in configuration, the varied 
geology, and the differences in climate. 

The general trend of the geological formations is from south-west to 
north-east, and the country as a whole is hilly and mountainous. There 
are two main masses of hills—the Highlands and the Southern Uplands. 
The former group occupies the major part of northern and western 
Scotland, and the latter occupies the southern belt just north of the 
English border. Between them is a tectonic trough about 50 miles wide, 
stretching from coast to coast in a north-easterly and south-westerly 
direction. This great central plain, together with a fairly broad shelf 
along the north-east coast, provides most of the agricultural land and 
supports the great bulk of the opulation. 

About two-thirds of the mekaie of Scotland lies at a height of more 
than 1,000 ft. (305 m.) and approximately half the country is classed in 
the ordnance survey as ‘mountain and heath’ (see orographical map). 

Climate.—The climate of Scotland is cool and humid. The average 
evaporation from a free water surface is less than 16 in. (406 mm.) in 
a year, and the rainfall ranges from about 25 in. (625 mm.) at one or 
two places on the east coast, to well over 100 in. (2,540 mm.) on the 
highest mountains of the west. The precipitation is therefore much 
greater than the evaporation. According to H. R. Mill, two-thirds of the 
surface of Scotland has an annual rainfall of over 40 in. (1,016 mm.) and 
only one-fifteenth a rainfall of less than 30 in. (762 mm.). The prevailing 
winds are from the south-west, and the mountainous region on the west 
coast is consequently the most rainy portion of Scotland. The distribu- 
tion of rainfall throughout the year is fairly uniform, and the average 
number of rain-days in a year reaches a maximum of 250 in the north- 
west compared with 175 in the English Plain. 

The mean temperature ranges from about 4:4°C. in January to 
15-6° C. in July, and the daily range is greater on the east coast than on 
the west coast. At altitudes of over 1,000 ft. (305 m.), the winter climate 
is fairly severe, but the extremes of temperature in both summer and 
winter for the country as a whole are much less than at places of corre- 
sponding latitudes on the mainland of Europe. 

The number of hours of sunshine varies throughout the country from 
about 1,200 to 1,300. 

Geology.—For a small country there is great geological diversity (see 
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geological map). ‘The Southern Uplands are composed of Ordovician 
and Silurian formations, the Central Plain of Old Red Sandstone and 
Carboniferous, and the Highlands chiefly of metamorphic and igneous 
rocks. The materials as a whole are predominantly siliceous, and lime- 
stone is scarce in most regions. 

The whole country has been glaciated, and most of the land to an 
altitude of 1,000 ft. (305 m.), and in many places to 2,000 ft. (610 m.), 
is covered with glacial drift. The drift varies in texture from a clay with 
boulders to a coarse sand and gravel. Where the drift is deep the matrix 
may consist of materials from several rock types, but where it is thin it 
is usually closely related in mineralogical composition to the underlying 
formation. 

Agriculture —The agriculture of the country is more or less concen- 
trated in the Central Valley and the north-eastern region. Of a total 
area of 19 million acres in Scotland, just over 44 million acres are under 
crops and grass, of which about 1} million acres are permanent grass; 
forests account for nearly a million acres, deer forests for 34 million acres, 
and the remainder, amounting to about half the total area of the country, 
consists of mountains and heath-land used as rough grazing. 

The official returns of the Department of Agriculture for Scotland and 
the Ministry of Agriculture give the average acreage and the average 
estimated yield per acre for the principal crops (1923-32) as follows: 


Average estimated yield 


Average 4 cwt. per acre) 
acreage Scotland England 
Total acreage crops and grass 4,673,290 Hi = 
Permanent grass ; ‘ 1,516,031 31°8* 21°'0* 
Rotation grass . ; : 1,505,563 43-0" 29°3* 
Oats ‘ ; ‘ gor ,812 15°4 15°6 
Barley ; 3 : : 117,864 17°9 15°9 
Wheat , ‘ . 54,219 252 17°4 
Potatoes 139,526 132°0 126-0 
Turnips 381,051 332°0 252°0 
pgp 


* Yields for permanent and rotation grass refer to acreage mown for hay. 


The other crops, including sugar-beet, mangolds, rye, beans, peas, 
small fruit, and orchards, together had a total acreage of about 57,000. 

There has been a decline of a quarter of a million acres in the area 
under crops and grass in the past 40 years, and in recent years much 
arable land has been laid down to permanent grass. 

In 1933 the dairy cattle numbered 483,909, other cattle 809,728, 
horses 149,483, sheep 7,811,144, and pigs 167,028. 

With regard to size of holdings, the total number in 1933 was 75,642, 
of which 50,402 were from 1 to 50 acres, and 25,240 over 50 acres in 
extent. About 18,000 were owned by the occupiers. 

A useful collection of statistics and maps showing the distribution of 


the various crops and classes of stock is to be found in H. J. Wood’s 
Agricultural Atlas of Scotland. 
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Soils—The main soil groups are as follows: 


Podsolic soils. 

Gley podsolic soils. 

Gley (water-logged) soils and deep peat. 

Brown soils. 

Soils with undeveloped profiles (skeletal soils, creep soils, recent 
alluvial soils, &c.). 


(i) Podsolic soils. ‘Three main subdivisions of the podsolic group may 
be recognized; slightly, moderately, and strongly podsolized soils, the 
degree of podsolization depending chiefly on texture, composition of the 
parent material, climate, and vegetation. 

(ii) Gley podsolic soils. ‘These show indications of impeded drainage 
by the occurrence of a gley horizon or gley spots. These layers or spots 
are greenish-grey or bluish in colour, with rusty spots, streaks, and some- 
times concretions. The rusty mottling is due to the deposition of 
hydrated ferric oxide, and is brought about by the alternation of oxidiz- 
ing and reducing conditions. The water-logging may be due to high 
ground-water table, or to the holding up of surface-water through the 
impermeability of the B or C horizons. The gley horizons may there- 
fore occur in various parts of the profile. ‘Two sub-groups are recognized, 
gley podsolic soils and peat gley podsolic soils, the latter having a peat 
layer on the surface. 

(iii) Gley soils. In addition to the gley podsolic group, gley soils occur in 
which the podsolic characters are absent, and the gley horizon extends to 
the surface, or to the peat layer which often covers the surface. ‘Three sub- 
divisions of this group are found, gley soils, peat gley soils, and deep peat. 

(iv) Brown soils. 'This term is used provisionally to designate a rather 
ill-defined group of soils found in various parts of Scotland. oo. 
logically these soils differ from podsols in having a more or less uniform 
profile without a surface covering of raw humus, and with no evidence 
of a zone of accumulation. They appear to be associated with parent 
materials with a high content of bases, and, at any rate in the field, 
resemble the brown earths described in various countries. A chemical 
examination, however, showed that these soils have undergone a certain 
amount of leaching of bases from the surface layers, and that in some 
cases a slight translocation of sesquioxides had occurred. 

In a publication! dealing with the soils of the Crimean National Park, 
Antipov-Karataiev and Prasolov describe what seem to be similar soils 
and term them brown soils. They occur on igneous rocks, and have a 
slight accumulation of sesquioxides in the middle horizons, but morpho- 
logically do not in any way resemble podsols. 

In the cultivated areas in Scotland, brown soils occur which may be 
due to the influence of man. The writer has already pointed out? that 
draining, liming, manuring, cultivation, and cropping may bring about 
such marked changes in the profile that many soils which belonged 
originally to podsolized or gley types now resemble brown earths. 


1 Trans. Dokuchaiev Soil Inst., 1932, vii, 65 ff. 
2 Preface to the English translation of text accompanying First Soil Map of Europe. 
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These Scottish brown soils under natural conditions may be approach- 
ing the slightly podsolized group, but for practical purposes it seems 
desirable to separate them from the podsol group. Insufficient work has 
been done, however, to make it possible to define them accurately. 

(v) Soils with undeveloped profiles. Probably many of the soils in the 
groups already mentioned are immature, but in this group the imma- 
turity is due to changes in the surface material which counteract or mask 
profile-formation. ‘Three sub-groups are recognized: 


(a) Skeletal soils in which the material is chiefly rock debris with fine 
material in the interstices. 

(6) Creep soils in which material is carried down slopes and where 
consequently there is constant change. 

(c) Recent alluvial soils in which deposition and redeposition of 
material is still going on. 


In addition to the groups described, there are many areas where 
truncated or eroded profiles occur. The surface soil, often the A horizon, 
is removed through down-washing, and the layer below exposed and 
subjected to fresh weathering. In other cases the removed surface is 
replaced by fresh downwash material. 

There are four main geographical divisions in Scotland, and it is 
convenient to adopt the same divisions in dealing with the soils, viz.: 
the Highlands, the North-eastern Region, the Central Valley, and the 
Southern Uplands. 


Il. The Highlands and Hebrides 


The Highlands constitute an elevated plateau of bold relief inter- 
sected by deep valleys, and occupy most of the northern half of Scotland 
except the broad shelf of low country fringing the east coast. On 
account of the mountainous character and high altitude of most of the 
area, agriculture is poorly developed. The hill slopes are used for sheep- 
grazing, deer forests, and forestry, but there is a certain amount of 
cultivation in the glens. 

The rainfall is high, much of thé western part of the area having an 
annual rainfall of over 60 in. (1,524 mm.). 

The rocks are mainly crystalline, consisting of coarse gneisses, schists 
(mainly siliceous), Torridonian sandstone, Cambrian limestones, grits, 
and quartzites. There are also areas of intrusive igneous rocks, both 
acid and basic. Lewisian gneisses and Highland schists cover the most 
extensive area. In the north-western Highlands there are extensive areas 
where the land surface is covered with acid peat, and the dominant 
vegetation is Scirpus caespitosus. ‘The central and eastern Highlands, 
especially the eastern portion, has a somewhat drier climate, the peat is 
thinner, and the dominant vegetation is Calluna vulgaris and Vaccinium 
Myrtillus. Probably extensive forests occurred at one time on the slopes 
of many of the mountains, but widespread deforestation has occurred. 
The chief indigenous trees are Scots pine, oak, birch, alder, ash, and 
elm. Larch was first introduced into Scotland in 1738, and is now 
grown extensively; spruce and beech are also introduced trees which 
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are now abundant, and in more recent times Douglas fir and Sitka spruce 
have been planted extensively. 

In the central Highlands (N. Perthshire), according to R. Smith,' the 
upper limits for oak are goo—1,000 ft. (274-305 m.), for birch 1,500— 
2,000 ft. (457-610 m.), for larch 1,300—1,800 ft. (396-594 m.), and for 
Scots pine 1,500-1,800 ft. (457-549 m.). In the same region, Erica 
cinerea and E. Tetralix cease at an altitude of 2,200 ft. (670 m.), Calluna 
vulgaris ceases at 3,100 ft. (945 m.), and Vaccinium Myrtillus at 3,600 ft. 
(1,096 m.). 

Peat. Because of the widespread occurrence of peat in Scotland, and 
particularly in this region, it is desirable to deal with it separately before 
giving an account of the soils. ‘The Forestry Commission has recently 
published a bulletin on ‘Scottish moorland in relation to tree growth’, by 
G. K. Fraser,” and the following account is based largely on his work. 

Most of the peat-land in Scotland may be classed as Climatic moor. 
Fraser prefers this term to Alpine moor, as it occurs extensively in 
Britain at low elevations as well as in the mountains. It is regional in 
distribution, and associated with high rainfall and low summer tempera- 
ture. The Scirpus moor of the north-west Highlands, the Calluna moor 
(or Calluna-Eriophorum) of the north-central Highlands, and the Molinia 
moor of the Southern Uplands belong to this class. 

The much less extensive peat-land which is due to bad surface 
drainage, and which forms in hollows or depressions, is termed by 
Fraser ‘Basin Moor’. It is local or topographical in distribution, and 
includes low moor, transition moor, and high moor. In Scotland, acid 
peat-mosses of the basin type occur in various parts of the country. 

Fraser groups the Scottish peats morphologically in the following way: 


A. ‘Pseudo-fibrous peat’—soft and plastic, rigidity and tenacity lost, 
fibrous in appearance only. (a) Var. ‘Cheesy peat’—rigidity partly 
maintained under intermittent aeration. 

B. ‘Fibrous peat’—tough and flexible, composed of scarcely altered 
remains of plants. 

C. ‘Amorphous peat’—showing no recognizable plant tissues. 


Fraser gives analyses of samples from various peat types in the west 
of Scotland. Most of the samples are from Inverliver, near Loch Awe, 
an area typical of the western Scottish moorland region. The annual 
rainfall is about 80 in. (2,032 mm.), the altitude from 300 to 800 ft. (g1— 
244 mm.) above sea-level, and the underlying rocks epidiorite and meta- 
morphic grits. 

A. Pseudo-fibrous peat.—This is the most extensive type in the High- 
lands, and according to Fraser it is the climax peat of the western 
Scottish region. He describes several varieties including: 

1. Scirpus high-moor peat. This consists of a thin surface turf in which 
the plant-remains are little altered, and the roots of living plants occur. 
At a depth of a few inches the peat is soft and plastic, and if squeezed 
in the hand oozes out between the fingers. Traces of structure, chiefly 


1 R. Smith, Scot. Geog. Mag., 1900, 16, 465. 
2 Forestry Commission Bulletin, No. 15 (1933). 
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TaBLE 1. The Ash of Typical Peats and its Analysis 


(Expressed as a percentage of weight of peat dried at g8—100° C.) 











Ash-content Analysis of soluble ash 
In- Sol. | Fe,O, 
Type of Vegetation soluble in and | 
and peat Total | silicates; HCl | Al,O,; CaO |MgO)} K,O | P.O; 
Deep Scirpus . . 5°69 | 4:20 1°49 1°04} 0°17 | O09 | 0°04 | 0°06 
Scirpus-Calluna . | 11°54 7°14 | 4°40 3°21 | 0°48 | 0°43 | 0°09 | 0°07 
Moraine Calluna : 6-98 5°63 1°35 0°56 | 0°46 | or | 0°03 | 0°05 
Eriophorum vaginatum 
types . . | 657] 3°66 | 2:85 1°83 | 0°52 | 0:28 | 0°06 | 0:06 
Funcus articulatus | 
dominant ‘ » | ssa 8-15 5°S7 2°81 | 1°46 | o-21 | 0°09 | O-I5 
Molinia flushes . . | 21°54 | 13°27 | 830 | 10°65 | 0°75 O10 | O10 O'0g 





the tubular remains of Scirpus roots, occur, but these remains are soft 
and their structure is readily destroy ed. Animals are apt to sink in this 
type of peat where the surface turf is broken or removed. The freshly 
cut peat is yellowish brown, but when exposed to air for some time a dark 
brown or blackish somewhat amorphous crust is formed on the surface. 

The pH of this peat ranges from 3:5 to 4°5, and, as will be seen from 
Table 1, the contents of calcium, potassium, and phosphoric acid are 
all very low. 

The dominant vegetation in typical areas is Scirpus caespitosus, which 
during the growing season forms a green cover over the ground. This 
accounts for the green appearance of much of the western Highlands in 
contrast with the brownish appearance of the eastern Highlands, where 
Calluna is dominant. 

Even in typical Scirpus high moor, Calluna of stunted growth is usually 
present in scattered patches. Amongst other plants which occur are 
Narthecium ossifragum, Potentilla tormentilla, Erica Tetralix, and Erio- 
phorum polystachion. ‘The chief mosses are the smaller Sphagnums and 
various other moorland and heath mosses, such as species | Hypnum, 
Brachythecium, &c. 

Fraser describes a variety of Seige high-moor peat which he terms 
‘cheesy’ peat. It is a shallow type rarely exceeding a foot in depth, and 
is similar in character to the crust which forms on the surface when the 
yellowish-brown peat just described is exposed to the air. The fibres 
are tough, and the structureless material is dark brown and has a curdy 
texture somewhat like stiff cheese. It can be broken into pieces even 
when wet, and has a much lower water-retaining power than typical 
pseudo-fibrous peat. 

The vegetation of this variety contains more Calluna than the main 
type; in fact, it may be the dominant plant, although Scirpus is still 
abundant. 

2. Basin type. Pseudo-fibrous peat also forms over fibrous. peat in 
hollows where water accumulates, and this type occurs not only in the 
western Highlands, but also in the east, and in other parts of the country. 

The vegetation is of the Scirpus-Calluna type. 
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B. Fibrous peat.—Fibrous peat varies in appearance and composition 
according to the material from which it is derived, but the plant-remains 
are much less decomposed and altered than in pseudo-fibrous peat. The 
surface layer is usually tough and difficult to cut. The lower layers can 
be sliced easily with a spade, but, unlike pseudo-fibrous peat, the material 
does not exude through the fingers when compressed in the hand, and 
after compression the material expands to something like its original 
size. On drying, it becomes open and porous and does not show the 
marked shrinkage of pseudo-fibrous peat. The colour is usually brown, 
and does not alter much on drying. Peats of this class occur extensively 
in the Highlands, particularly in the eastern part, and at any rate in the 
western region Fraser regards them as a transition stage to pseudo- 
fibrous peat. 

There are various subdivisions in the fibrous-peat group: 


1. Calluna, and mixed Calluna (or Calluna-Eriophorum) Moor. This 
type occurs extensively in the eastern and central Highlands, where 
the summer is somewhat drier and the evaporation higher than in 
the west. 

2. Flush types. These occur typically where there is slow percolation 
of water low in bases. 

3. Basin types. ‘These are local in distribution and consist of mixtures 
of sedge peat from such plants as Carex ampullacea with Sphagnum, 
and areas of purer Sphagnum peat. 


C. Amorphous peat—There are various types, the most important 
being rush peat and Molinia peat. They are associated particularly with 
conditions where the content of bases in the water is high. 

Utilization of peat-land in the Highlands and Hebrides—Most of the 
peat-land is used as rough sheep-grazing or deer-forest, and receives 
little attention. Regular heather-burning is practised by most sheep 
farmers, and here and there a little draining is done by means of shallow 
open drains. 

Small areas of peat-land are cultivated by crofters. In the island of 
Lewis, for example, with a total area of 683 square miles (mostly peat- 
covered), only 18 square miles are under cultivation, and a large part 
of this is on the limited mineral soil. 

There is a desire for more agricultural holdings on the part of the 
people in the Highlands, and the Government is not averse to the creation 
of such holdings if a satisfactory and economic means of reclaiming the 
peat-land of these regions can be found. The problem is meantime 
being studied on the Macaulay Demonstration Farm in Lewis. An area 
of very wet moorland of the pseudo-fibrous (Scirpus) type has been 
drained, treated with shell sand, manured, and cultivated. Satisfactory 
pasture with abundant wild white clover has been established, and hay, 
oats, potatoes, and silage mixtures grown successfully. Difficulties have 
been encountered with regard td drainage, and details as to drainage 
methods have still to be worked out. The preliminary results already 
obtained, however, indicate that there are possibilities of the agricultural 
utilization of peat-land, even of difficult types such as Scirpus. 
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On the forestry side, the Forestry Commission has been carrying out 
fairly extensive afforestation in the Highlands, and also an experimental 
programme at Auchterawe, near Fort Augustus, Inverness-shire, and 
other places. It is still too soon to draw conclusions, but the chief 
limiting factor appears to be lack of air in the peat. The worst peat 
from a forestry point of view appears to be the pseudo-fibrous (Scirpus) 
type, and the problem of its satisfactory drainage has not yet been solved. 
According to Fraser, the planting of doubtful peat ground may be suc- 
cessfully carried out after thorough drainage by turf-planting, using basic 
slag as a peat-improving manure, but on bad peat-ground more drastic 
measures are required, and the surface conditions must be altered over 
the area as a whole. This may be done in one or other of the following 
ways: (a) by the establishment of a less exacting soil-improving cover 
species, of which none of those tried so far has proved satisfactory, (b) by 
extending the areas already influenced by flush-water, with or ‘without 
the assistance of manure, and (c) by proper mechanical cultivation of the 
surface, combined with drainage and manuring. 

Sotls.—The main soil groups' found in this region are: 


. Podsolic soils. 
3 : oe podsolic soils. 
3. Gley soils and deep peat. 
4. Soils with undeveloped profiles. 


1. Podsolic soils —These soils occur especially on moraines and slopes 
where the parent material is rather coarse in texture, allowing free 
drainage. On the finer-textured parent materials in this region of high 
rainfall, gley podsolic and gley soils usually form instead of podsolic soils. 
The degree of podsolization in this as in other regions in Scotland is largely 
influenced by the texture and the content of bases of the parent material. 

The following example of a medium podsolized soil of the podsol 
group is taken from Inchnacardoch, near Fort Augustus, Inverness- 
shire. The profile (Plate 12, a), which is on flattish ground, is from 
fluvio-glacial material overlying quartzose schists; the average rainfall is 
44 in. (1,117 mm.) per annum, and the altitude about 120 ft. (36-5 m.) 
above sea-level. ‘The present vegetation is mainly Calluna vulgaris with 
some Scirpus caespitosus and various mosses. There is evidence of 
frequent heather-burning. 


(1) o-5 cm. Dark brown to black Calluna turf, very tough and 
fibrous, with occasional stones; depth variable. 
(2) 5-18 cm. —_Darkolive-brown gritty sand, dries to dark grey; many 


roots, stones, and pebbles, varies somewhat in depth. 

(3) 18-21 cm. Dark rusty brown gritty sand; roots frequent. A thin 
hard pan occurs at about 18 cm. 

(4) 21-45 cm. Rusty brown gritty sand; pebbles abundant and in 
places forming layers; roots infrequent. 

(5) 45-130 cm. Yellowish-fawn gritty sand; loose and friable; many 
pebbles and stones; roots rare. 


1 There is some evidence that the brown-soil group also occurs, but it has not yet 
been studied in this region. 
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(1) 0-20 cm. 
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(6) 85-100 cm. 





THE SOILS OF SCOTLAND 185 


Analyses of a Medium Podsolized Soil. Inchnacardoch, 


Inverness-shire 


(1) —@) (3) (4) (5) 
o-5 cm. | 5-18 cm. | 18-21 cm. | 21-45 cm. | 45-130 cm. 
| 

4°71 4°84 | 5°05 5°51 5°85 
43°51 11°58 | 7°98 3°05 0:85 
122 | 078 0°78 1'00 
31°61 | 2°07 2°21 4°25 
1:27 | 1°25 I-21 1°35 


3 * The ‘clay’ fraction was prepared using a time-depth ratio of 8-6 cm./24 hours. 
p p 


The above analyses show that marked podsolization has occurred, but 
the somewhat high content of organic matter in layer 2, due possibly to 
repeated heather-burning, masks the grey colour ‘when the soil is seen 


2. Gley podsolic soils.—This group, with its two subdivisions, gley pod- 
solic and peat-gley podsolic soils, occurs very extensively in the Highlands. 
An example of a gley podsolic ‘soil is taken from a Scots pine wood at 
Achnashellach, Ross-shire. ‘The parent material is morainic drift overlying 
granulitic schists, and the average annual rainfall is about 84 in. (2,134 
mm.). The vegetation consists mainly of Pinus sylvestris, Pyrus aucuparia, 
and Vaccinium Myrtillus. Various mosses and rushes are also present. 


Turf of decaying needles, leaves, roots, &c.; dark 
brown at surface, becoming blacker and more decom- 
posed with increasing depth. 

Light grey stony gritty sand, almost white when dry; 
loose, friable, and structureless; roots common. 
Rusty brown to blackish brown sandy loam; stony, 
loose, and structureless; roots common. 

Olive-grey to blackish stony sandy loam, loose and 
structureless; roots frequent. 

Rusty brown, strongly cemented, gritty sand with 
thin hard pan at 80 cm.; stony ‘and structureless ; 
roots stop at this layer. 

Fawn, stony gritty sand with occasional black spots; 
structureless; roots absent. 


In many places the first and second layers are thicker and are followed 
by the olive-grey fourth layer, the third layer being absent. 


TABLE 3. Analyses of a Gley Podsolic Soil, Achnashellach, Ross-shire 


(1) (2) (3) (4) (5) (6) 
o-20 cm. | 20-5 cm. | 25-50 cm. | 50-80 cm. | 80-5 cm. | 85-100 cm. 
4°01 4°15 5°15 5°04 5°30 5°39 
97°34 0:80 10°48 9°32 1°89 0°96 © 
2°16 0°46 o'72 0°42 0°65 
10°94 1°05 4°85 1°32 tae 
2°69 °'79 0°85 0-61 1°03 


oO 
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The figures show strong podsolization in the upper layers and possibly 
a secondary leaching in layer (4), which has given rise to an abnormal 
distribution of the iron, and may be due to the influence of ground- 
water. The distribution of the alumina appears to be quite normal. 

An example of a peat-gley podsolic soil is taken from the Golden 
Valley, Achnashellach, Ross-shire, and the parent material is similar to 
that of the previous profile. The vegetation consists of Molinia caerulea, 
Scirpus caespitosus, Erica Tetralix, E. cinerea, Calluna vulgaris, and 
various mosses; Narthecium ossifragum and Potentilla Tormentilla also 
occur. 


(1)0-20cm.  Blackish peat, fibrous but fairly well decomposed; 
thicker in places. 

(2) 20-30 cm. Medium grey, sandy layer passing into light grey 
with increasing depth; stony and gritty; roots 
frequent. 

(3) 30-40 cm. Olive-grey to blackish-brown, strongly cemented, 
stony, gritty sand; few roots pass this layer. 

(4) 40-50 cm. Compact stony, gritty sand, mottled fawn and rusty 
brown; thin iron pan at 40 cm.; roots occur. 

(5) 50-100 cm. Light fawn, stony, gritty fine sand; fairly compact; 
roots occur in upper 10 cm. 


TaBLE 4. Analyses of a Peat-gley Podsolic Soil, Golden Valley, 
Achnashellach, Ross-shire 


(1) (2) (3) (4) (5) 

Depth ‘ ‘ . (0-20 cm. 20-30 cm. 30-40 cm. | 40-50 cm. | 50-100 cm. 
pH . . : . 4°35 4°73 499 | 5'I9 5°41 
Loss on ignition : 93°35 1°08 4°51 3°56 0°69 
Clay fraction SiO,/R,O; en 1°62 121 0°44 1°35 
a SiO,/Fe,0, ea 6:24 7°20 I'l4 793 
SiO,/Al,O, - 2°19 1°45 0°70 1°64 

f 


This profile differs from the preceding in the occurrence of peat instead 
of raw humus in the surface layer, in the occurrence of the olive-grey 
horizon nearer the surface, and in the absence of a rusty-brown layer 
above the olive-grey. 

From the figures in Table 4 it would appear that marked leaching of 
the second and third layers has taken place, and the cementation in 
layer (3) does not appear to be due to iron, but to humic material. 

3. Gley soils and deep peat.—This group of water-logged soils occurs 
very extensively in the Highlands and Hebrides. It 1s convenient to 
divide it into (1) gley soils, which have no peat on the surface, (2) peat- 
gley soils, in which the surface layer of peat is not thick enough to 
prevent the roots of surface vegetation from reaching the mineral soil 
below, and (3) deep peat. 

The following description of a peat-gley soil is that of a profile at 
an altitude of 700 ft. (213 m.) on a hill slope at Achnashellach. The 
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average annual rainfall is about 84 in. (2,134 mm.), and the parent 
material is morainic drift over granulitic schists. The vegetation con- 


sists of Scirpus caespitosus, Erica cinerea, E. Tetralix, Calluna vulgaris, 
Juncus squarrosus, mosses, &c. 


(1) 0-50 cm. __ Black fibrous greasy peat with brownish tinge; lower 
20 cm. contains large stones. 

(2) 50-55 cm. Sandy loam, with rusty staining, especially on stones; 
stony and structureless; indurated; indications of 
hard pan; occasional roots. 

(3) 55-70 cm. Fawn, stony sandy loam; occasional boulders; struc- 
tureless; compact but not cemented; slight rusty 
staining in places; roots rare. 

(4) 70-100 cm. Similar to layer above, but greyish in colour. 


TABLE 5. Analyses of a Peat-gley Soil on a Hill slope, 
Achnashellach, Ross-shire 


(1) (2) (3) (4) 

Depth . : : : . | O-50cm. | 50-5 cm. 55-70 cm. | 70-100 cm. 
pH 4°43 4°91 5°02 5°19 
Loss on ignition. : ; 96°18 2°55 1°85 1°32 
Clay fraction SiO,/R,O, . : nt 0°85 I'l7 2°19 
= SiO,/Fe,O3. ‘ ase 2°81 7°03 6:03 
ss SiO,/Al,O,. ? ak 1°22 1°41 3°43 


The high content of iron in layer (2) may be accounted for partly by 
the removal of silica, which has been found to be associated with gleying, 
and partly by the iron being brought up byrises in the ground-water level. 

A second example of a peat-gley soil is from a wet hollow at Inchna- 
cardoch, Fort Augustus, Inverness-shire. The altitude is about goo ft. 
(274 m.), the rainfall 44 in. (1,118 mm.), and the parent material is drift 
over quartzose schists. ‘The vegetation consists of Myrica Gale, Molinia 
caerulea, Erica Tetralix, Calluna vulgaris, and Narthecium ossifragum. 


(1) 0-45 cm. Brownish-black fibrous sodden peat. 

(2) 45-70 cm. Olive-grey gritty loam; very stony and not compact; 

roots penetrate top 10 cm. 

This profile differs from the preceding in being permanently, instead 
of temporarily, waterlogged, and there is consequently no oxidation 
going on. ‘The clay-fraction figures for layer (2) were: 

Si0,/R,0O, = 1-49. SiO,/Fe,O, = 11:29. SiO,/Al,O, = 1-71. 

4. Soils with undeveloped profiles. 

(a) Skeletal soils. ‘These occur extensively in the Highlands on the 
hill slopes. 

(6) Creep soils. Common on the hill slopes and at the foot of hills. 

(c) Recent alluvial soils. Although not extensive in any one place, 


the total area covered by these soils in the numerous glens is 
considerable (Plate 12, 6). 
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An example of a creep soil is taken from a hill slope at Lael Forest, 
Braemore, near Loch Broom, Ross-shire. The average annual rainfall 
is about 60 in. (1,524 m.) and the altitude is 100 ft. (30-5 m.). The 
parent rock is biotite schist. 


The vegetation consists of Pteris aquilina, Erica cinerea, various grasses, 
mosses, &c. 


(1) 0-15 cm. (variable depth). Brown, light loam with soft crumb struc- 
ture; small stones common; roots abundant. 

(2) 15-120 cm. Light brown light loam between boulders; loose and 
friable; stones abundant; roots occur to depth of 
115 cm. 


All the examples given above are from uncultivated ground, since 
most of the land in the Highlands and Hebrides has not been cultivated. 
The outstanding features of these Highland soils are the marked leaching 
and the effects of water-logging. Comparatively little detailed work has 
so far been carried out on these soils, but recently they have been studied 
by A. Muir, to whom I am indebted for descriptions of profiles. I desire 
also to express indebtedness to H.M. Geological Survey and to the Air 
Ministry for geological and rainfall maps, and to the Department of 
Agriculture for Scotland for statistics relating to agriculture. 


(Received September 3, 1934) 
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MIXED CROPPING IN PRIMITIVE AGRICULTURE 


HUGH NICOL 
(Department of Bacteriology, Rothamsted Experimental Station) 


IN previous publications [1, 2, 3] the author has stressed the importance 
to non-leguminous plants of leguminous plants growing in mixture with 
them. There is a considerable amount of evidence, much of which has 
been reviewed in [2], that in mixed cropping the leguminous component 
of a mixture can act as provider of nitrogen for the non-legume. The 
author [2] has already mentioned the practice common near Cawnpore 
of growing gram (Cicer arietinum) P* and wheat together. Dr. H. H. 
Mann recently directed? the author’s attention to the fact that the culture 
of mixed crops is much more widespread than would be inferred from 
that isolated example. 

Of bajri (Pennisetum typhoideum) in the Bombay Deccan, Mann [5] 
wrote: 


Its real importance would be better understood if the area under the so-called 
bajri mixture were taken. The bajri mixture contains several leguminous crops, 
and hence can be grown year after year without affecting the fertility of the land 
to any great extent. As a result there is little of ordinary rotation practised. . . . 
It [bajri] is never sown alone, but always mixed with one or more pulses and several 
other seeds. ... The special feature of the bajri mixture in this village is the very 
large number of [varieties of] seeds which are mixed with the bajri before sowing. . . . 
The seeds sown are stated to vary according to the soil... . The mixture is sown 
with a three-coulter drill, and at the same time a fourth row is sown either with 
tur [Cajanus indicus P] or kulthi [Dolichos biflorus P| according to the nature of 
the soil. 


Mann added a table showing the proportions of seed of ten species in 
eight mixtures analysed after sampling at time of sowing. No sample 
contained fewer than four species in addition to that sown in the 
fourth row. 

Mann gave sociological and agricultural reasons to explain this custom 
of growing mixtures rather than single crops. 

None of the pulses, the oil-seeds, or the other constituents of the mixture are 
ever sown as independent crops. . . . In practice, it is a fact that whenever the 
crop of bajri is good, the crop of pulses is poor [and so on]. The land is mostly 
very poor, and it is hence not possible to follow a system of rotation. Hence, the 
mixture, which answers, in part at any rate, the same purpose, is resorted to. 


It is noteworthy that the poorer the land, the smaller the proportion of 
bajri; one infers, without being certain, that the richer soils require 
a smaller admixture of legumes. 

The question of the roles of animal manures and of leguminous plants 


1 Throughout the paper the less common leguminous plants are distinguished by 
P after their names. In quotations, P is necessarily an interpolation; in other cases 
the author’s own interpolations are distinguished by square brackets. 

2 By supplying books [4], [5], and [6], and the quotation [7]. Many other references 
could be given. 
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in rotations is of considerable interest. There is evidence that one may 
supplement or replace the other, but as yet no experiment has been 
designed to test these points specifically. Since in native Indian agricul- 
tural economy, cattle and other organic manures are usually insufficient 
in amount, and artificials can rarely be bought, the value of the legumi- 
nous component of mixed crops emerges even more clearly than it does 
from a consideration of our home pastures. Voelcker [8] is definite: 


It is quite a mistake to suppose that Rotation is not understood or appreciated 
in India. The contrary is the case. Frequently more than one crop at a time may 
be seen occupying the same ground, but one is very apt to forget that this is really 
an instance of rotation being followed. . .. The next year the same ‘mixed crops’ 
may be grown again, and thus to the casual observer it might appear that continuous 
cropping was being practised. This, however, is not so, for there is a perfect 
rotation of cereal and legume. (Para. 304, ‘Mixed crops’.) 


In his survey of agricultural India in 1887, Wallace [9] devoted a 
special chapter to ‘Rotations and mixed crops’. He wrote: 


The growth of mixed crops is a wide-spread practice which is well worth con- 
sideration and study. . . . The advantages under Indian conditions are distinctly 
great.... There is but one explanation of the existence of these practices [of mixed 
cropping], viz., that they have been found advantageous after long experience and 
much careful consideration on the part of a body of workers who, for power of 
observation and an intelligent interest in and knowledge of everyday occurrences, 
would put to shame those classes which hold a corresponding position in educated 
Europe. 


Wallace set forth, as did Mann [4, 5], the reasons usually given for 
the benefits of mixed cropping, and stated that the roots of different 
species possess different root-habits and different functional powers. 
The case for studying root-habit in India has been forcibly put by 
Howard [10] in a chapter especially devoted to “The Economic Signifi- 
cance of Root-Development’. So far as the author is aware, the only 
study of root-interactions of crops grown singly and mixed is that made 
in Austria by Kaserer [11], whose valuable paper has been much 
neglected. Kaserer noted that there was little or no interpenetration of 
roots of plants of the same species ‘grown together, however ‘densely, 
whilst an increasing degree of interpenetration was noted with increasing 
dissimilarity of two species grown together. A legume and a non-legume 
showed the maximum of interpenetration; in Kaserer’s words: ‘Eine 
Graminee mit einer Leguminose zeigte stets Verfilzung.’ 

Kaserer’s observations have an evident relation to the uptake by one 
plant, of nutrients produced or made available by another. The author, 
with Thornton at Rothamsted, has noted the fact that the roots of 
lucerne and of grass, grown together in sand-pots, are separable with 
difficulty, whereas no difficulty has been experienced in parting the 
root-systems of plants of lucerne, grass, peas, and clover, grown in 
single culture under similar conditions. 

To Wallace might perhaps be given the credit of priority already 
accorded by the author [2] to Leather [12], who wondered from a con- 
sideration of the Cawnpore gram P and wheat mixture, whether ‘the 
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Papilionaceae are able to assist in any way the plant of another natural 
order which is growing alongside them’. Wallace wrote [9]: 


I am inclined, also, to think that there may be decaying roots or matters thrown 
off by plants of distinct species, which matters, in the hot climate, become available 
within the period of growth of a given mixed crop; and, in the case of a grain crop 
grown along with a mixture of pulse, we may have more or less of a beneficial 
action, such as that of the well-known influence of clover root upon a succeeding 
wheat crop. 


Wallace did not recall in this connexion the British pastures, with their 
leguminous herbage, or the practice of sowing clover in barley. Similar 
omissions were made by Lawes and Gilbert, Munro and Beaven, and 
others (Nicol [2]). 

The value of having leguminous and other plants and trees in mixed 
culture with tea has been extensively discussed. Mann [13] has given 
thorough consideration to the effects, upon growth of tea, of sau (Albizzia 
stipulata) P, and several other species of trees, bushes, and crops. He 
wrote in 1907 [13]: ‘It has been suggested that possibly. the tea root gets 
actually in contact w ith the root of the Albizzia tree and draws nourish- 
ment from it.’ In view of Kaserer’s [11] and the author’s observations 
upon Verfilzung, it may be hoped that more concentration will be given 
to the subject of the so-called ‘shade’ cropping in tea gardens; a study 
of root-habits should be particularly helpful. 

The part played by leguminous ‘weeds’ under natural, wild, and semi- 
natural conditions, in maintaining and restoring the level of fertility of 
soils, is also striking, though it has received relatively little attention. 
By way of illustration of the perseverance of Nature in building up poor 
land, it may be remarked that upon the continuously cropped Broadbalk 
wheat-field at Rothamsted (in theory a pure culture) an abundant growth 
of wild black medick (Medicago lupulina) P frequently occurs on all 
of the cropped plots receiving no nitrogen or the lowest dressing of 
nitrogen.' ‘The darkening of the otherwise bare stubbles by the green 
Medicago after the 1934 harvest was sufficiently evident to be photo- 
graphable by the author. Wallace [9] commented upon the richness in 
legumes of the natural Indian flora, and assigned to them an important 
part in maintaining fertility in uncropped land. 

Apparently it is not essential in Indian agriculture that a mixed crop 
should include a legume, since the association of jowar and safflower 
(Carthamus tinctorius) is recorded by Mann [5], and other examples 
could be given. Nevertheless, leguminous plants occur in Indian mix- 
tures with great frequency. Mollison [6] brings out this point clearly: 


Various pulses, oil-seeds and fibre crops are generally grown with kharif jowar 
[Sorghum vulgare, a grain; kharif is the name of a season]. In Gujarat there is 
a greater variety than elsewhere. There, subordinate to jowdr, we find tuver [Cajanus 


' The absence of legumes from plots receiving the higher doses of nitrogen does 
not imply that the nitrogenous manure was toxic to leguminous plants; it almost 
certainly meant that ample manuring encouraged growth of the wheat sufficiently to 
‘smother’ the low-growing black medick. Analogous observations on clover under- 
sown in barley were made at Woburn by Dr. H. H. Mann, who agreed with the 
author that the Broadbalk phenomena helped to furnish an explanation. 
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indicus P|], guvdr [Cyamopsis psoraloides P], math [Phaseolus aconitifolius P|, mag 
[P. mungo P], chola [Vigna catjang P|, adad [Phaseolus mungo var. radiatus P| (all 
pulses), castors and tal [Sesamum indicum] (oil-seeds), and ambddi [Hibiscus canna- 
binus] and rozi cotton (fibre plants). The group of subordinate crops referred to 
are not often sown all together, but mixed according to the fancy or inclination of 
the cultivator. In Khandesh, udid P [= adad] and ambddi are ordinarily sown with 
jowdr. In the black soil of Surat, tuver P is always subordinate to jowdr, and 
generally also mag P. In the Deccan, on mixed black soil, tur P, ambddi, udid P, 
and sesamum, and on distinctly light soil, math P, kulthi P and sometimes niger 
seed [Guizotia abyssinica] are generally subordinate to jowdr. 


Discussing the figures recorded for the acreage of jowar, Mollison [6] 
wrote: . 


These figures are, to some extent, misleading, because it is the general practice 
to grow jowdri and nearly all cereals with a subordinate pulse mixture. 


The latter point is borne out in his detailed descriptions, later in the book, 
of the methods of cultivation of other grains. 

The following is an excerpt from an article by Mollison [7], written 
when he was Inspector-General of Agriculture in India: 


The common Indian system of growing mixed crops serves in many respects 
the purposes of rotation. It is undoubtedly a successful and profitable method, 
which has done more to uphold the fertility of Indian soils than any other practice. 
There are very good reasons why it is profitable to grow pulses, oil-seeds, and fibre 
plants mixed with or subordinate to cereals like jowar, bajri, or wheat. . . . Pulse 
crops whether grown alone or in combination with other crops, exercise another 
beneficial influence in that they enrich the soil with nitrogen, of which element 
Indian soils require a frequently renewed supply. The common growth of these 
pulses is a testimony to the fundamental soundness of the traditional agricultural 
practice of the country. No pulse crop cultivated in India exercises such a general 
fertilizing effect as arhar (Cajanus indicus) P. It is grown in every province mixed 
with other crops: its long tap-root enables it to withstand drought and to search 
in the subsoil for plant food: it spreads out and grows freely after the cereal to 
which it is subordinate has been harvested; and nearly all the leaves fall as the 
plants ripen, thus enriching the surface soil. 


Custom varies in different districts. Thus, gram P and wheat or 
barley, a common mixture in the North-West Provinces, is unknown 
in the Bombay Presidency [6]. Mann [5], however, states that the 
cultivation of gram P in Bombay Presidency is intimately associated 
with that of wheat, gram having generally been considered as the natural 
rotation crop with wheat. 

Regarding native agricultural methods in West Africa, Irvine [14] 


confirms the praise for mixed cropping already given by observers in 
India: 


Mixed cropping is really a modified form of crop rotation and has several advan- 
tages. . . . Sometimes, the two or more crops growing together use different 
quantities of the available plant food, and their roots go to different depths in the 
soil. In this respect mixed cropping is more scientific than pure cropping. 


An additional advantage claimed by Irvine for mixed cropping is the 
reduction of damage by insects. 
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Willis made several references in his book [15] to mixed cultivation 
and the similarity of its effects to rotation. 


Mixture of crops, which seems to bring in its train some of the advantages of 
rotation, is very common, especially in the more equatorial parts of the tropics, 
such as southern Ceylon, Malaya, the West Indies, &c. Not only is there . 
mixture of perennial crops, but mixture of annuals is very common in the East: 
pulses are sown among the grain, different kinds of grain with one another, and so 
on. Here again the gain is somewhat like that obtained by rotation. . . . 


Of ‘the wild jungle-like mixture’ of trees and vegetables which forms 
the average native garden throughout southern Asia, Willis wrote: 


As pointed out above, it is highly probable that this arrangement gives many of 
the advantages which have elsewhere to be attained by rotation of crops, and the 
villager is thus able to grow his familiar foods, &c., on the same ground for an 
indefinite number of years. Mixture of crops, as well as rotation, requires very 
careful study in detail before any hasty attempt is made to change immemorial 
custom. 


In the minds of many agriculturists, the customs of the Red Indians 
of North America are distinguished by their occasional practice of bury- 
ing a piece of fish in each ‘hill’ of maize. This is often recalled as an 
example of primitive manuring. The author was aware of this practice 
but imagined that the maize was grown in pure culture, not having read 
or heard anything to the contrary. Consultation of the early part of 
Carrier’s book [16] did not remove this impression, until on page 94 
three quotations concerning mixed cropping were found. It is odd that 
Carrier has not thought it worth while to bring into relief, in his text, 
the practice of mixed cropping, since many other cultural operations are 
considered at length by him. 

Hariot [17] wrote (v having been substituted for u): 


All the aforesaide commodities for victuall are set or sowed, sometimes in 
groundes a part and severally by themselves; but for the most part together in one 


ground mixtly. ... The ground they never fatten with mucke, dounge or any 
other thing. .. . 
Then their setting or sowing is after this manner. . . . First for their corne... . 


By this meanes there is a yarde spare ground betwene every hole [each containing 
four seeds of maize]: where according to discretion here and there, they set as many 
Beanes and Peaze: in divers places also among the seedes of Macocqwer, Melden, 
and Planta Solis. 

The ground being thus set according to the rate by us experimented, an English 
Acre conteining fourtie pearches in length, and foure in breadth, doeth there yeeld 
in croppe or ofcome of corne, beanes, and peaze, at the least two hiidred London 
bushelles: besides the Macocqwer, Melden, and Planta Solis. 


Hariot also wrote of the celerity with which the ground was sown; 
and the abundant mixed crop yielded from ground ‘having once borne 
corne before’. Roanoke, the part of ‘Virginia’ described by Hariot, is 
now assigned to North Carolina. Carrier [16] did not quote the first 
paragraph here cited from Hariot. 

From Pinkerton [18], after Carrier [16]: 

They (Indians) make heaps like mole hills each about 2} feet from the others 
which they sow or plant in April with maize in each heap 5 or 6 grains, in the 
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middle of May when the maize is the height of a finger or more they plant in each 
heap 3 or 4 Turkish beanes which they grow up with and against the maize. 


Of Indian maize-planting in Virginia in 1606, John Smith wrote [19]: 


They make a hole in the earth with a sticke, and into it they put foure graines 
of wheate and two of beanes. 


On page 96 of his book Carrier has reproduced a picture (ascribed 
to Le Moyne, 1564), showing Indians planting corn and beans in the 
same field. 


Discussion 


The foregoing review is intended to be indicative rather than ex- 
haustive. All the authors consulted agree in assigning a prominent part 
to mixed cropping in primitive agriculture. No author has been found 
who has denied its existence. Although several sources consulted (such 
as the works of Fortune, Huc, King, and others on China and Japan) 
do not mention mixed cropping unless incidentally or in relation to in- 
tensive gardening,' it seems probable that in many cases the omission is 
due to a one-sided orientation. With the Red Indians, for example, the 
case is clear, yet Carrier did not refer in his own text to mixed cropping 
as such, and omitted the first paragraph of Hariot given above. Although 
he claimed that the Red Indians were pioneers of intertillage for keeping 
down weeds, he did not mention intercropping. On the subject of 
rotation, Carrier wrote that the Red Indians practised a rotation of fields 
rather than of crops. His example shows how easy it is to miss a point. 
Probably the absence of specific remarks upon mixed cropping in the 
recorded observations of many authors is not to be taken as evidence of 
absence of the cultivation of mixtures. 

Clover and barley, and clover in grassland, have already been referred 
to, as examples of mixed cropping overlooked in his native land by so 
astute an observer as Wallace.” 

Administrators in India have recognized the fiscal importance of mixed 
cropping, by drawing up rules for the estimation of the areas to be 
ascribed to each component of mixtures. It is therefore remarkable that, 
in spite of repeated recommendations, the agricultural problems under- 
lying the practices of mixed cropping have been so little studied. In 


1 A French observer, Hedde [20], under the heading ‘Fruchtwechsel’ wrote as 
follows: ‘Die Chinesen verstehen sich dergestalt auf die Unterhaltung der Erde durch 
die Kombination der veranderten Kulturen, dass man sich zu der Aeusserung veran- 
lasst fiihlte: ‘Der Ackerbau wire bei ihnen Gartenbau.” Sie glauben nicht daran, 
dass die durch die Erbauung der verschiedenen Pflanzen bewirkte Arbeit die Erde 
jemals erschépfe; im Gegentheil nehmen sie an, dass, wenn eine Pflanze einen 
besondern, ihr nothwendigen Stoff absorbire, sie, als eine Ausgleichung, ein neues 
Element oder einen natiirlichen, einer andern Kultur giinstigen Diingstoff zuriicklasse.’ 

Fortune [21] wrote of mixed crops in Chinese tea plantations: ‘Another reason for 
the practice may be found in the fondness of the Chinese for mixing crops—a practice 
in operation all over the country.’ 

2 Wallace in his chapter on ‘Rotations and Mixed Crops’ [8] wrote: ‘The system 
is more or less known in this country [Britain], though not extensively followed!’ 
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para. 60, Voelcker [8] remarked, apropos of the then recent discovery 
of nitrogen-fixation by legumes and their nodule bacteria: 


India, to my mind, presents special advantages for the elucidation of the problem, 
one which, when solved, will unfold much that is still unexplained in the advantage 
of rotation of crops. 


One of the most remarkable effects of the leguminous crop, whether 
in mixture or in rotation, is its apparent ability to supplement animal 
manures. In peninsular Indian practice (the best-studied case) it would 
seem that legumes grown in mixture can to a large extent fill the place 
of animal manures. It appears unlikely that this ability is due solely to 
the nutrient nitrogen compounds supplied by the legumes, and it is 
probable that leguminous plants everywhere make a definitely biological 
contribution to the fertility of soil. 
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